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Summary
The common mould Aspergillus fumigatus is the major pathogen involved in the foetal and 
uterine infections of cows that result in abortion. The diagnosis is at present based on the 
identification of the fungus in aborted tissue and is unreliable. A reliable diagnostic 
technique that can provide early diagnosis is required and the possibility of developing 
such a test based on the detection of specific antibodies is examined in this thesis. The non- 
invasive diagnosis of Aspergillus fumigatus infections is difficult because of the lack of 
reliable antigenic markers and the major part of this investigation is concerned with the 
study of the antigenic profile of Aspergillus fumigatus.
Isoelectric focusing and immuno blotting procedures were used to evaluate the protein and 
antigen spectra in culture filtrates from 6 strains of Aspergillus fumigatus and 9 strains of 
other fungi. The protein and antigen composition of culture filtrates was found to vary 
between different strains, different batches of culture from the same strain and during 
growth cycles of the test fungi. A system for the identification of different components was 
established and used to study the profiles of the different fungi. The protein and antigen 
profiles of Aspergillus fumigatus were compared to those from the other test fungi and an 
antigen with an isoelectric point of pH = 4.34 and a molecular weight of 39 kD was found 
to be typical for Aspergillus fumigatus in vitro. A preliminary N-terminal sequence 
(A??GYRSV?YFVNWA) was obtained. The antigen was tested against 108 cow sera 
including 20 sera from cattle with confirmed mycotic abortion, 11 sera from cattle with 
abortion of unknown reasons and 77 normal sera using indirect ELISA. In comparison to 
three different crude preparations the purified antigen was the best antigen to discriminate 
positive and normal sera (sensitivity = 75%, specificity = 88.6%, p< 0,0001).
II
The antigen could therefore be a useful antigen to establish a reliable test system for 
Aspergillus fumigatus.
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1. Introduction and aims
1. INTRODUCTION AND AIMS
1.1. Mycology
Fungi can be separated in four divisions designated as Zygomycota, Ascomycota, 
Basidomycota and Deuteromycota. They are characterised by immobile spores which are 
their main means of differentiation from the protista, which can be classified into six other 
divisions (Müller and Loeffier 1992). The fungi and protista can occur either as telemorphs 
(perfect stage) or anamorphs (imperfect stage). Telemorphic fimgi are characterised by the 
fact that they are all capable of sexual reproduction which is their usual means of 
reproduction. Anamorphic fungi however, have only been observed to reproduce by 
asexual means, and are classified as Deuteromycota. The result of this morphological 
classification is that a fungal species can be placed into the Deuteromycota simply because 
sexual forms have yet to be observed, whereas related species whose sexual forms are 
known are placed in other divisions. The main characteristics of the four orders of fungi 
and the major genera they contain are discussed below.
Division of Zveomvcota
Zygogamie which are used for sexual reproduction are characteristic of this division which 
includes the classes Zygomycetes and Trichomycetes. Zygomycetes are divided into 
several orders by their morphological characteristics. The most common order Mucorales 
is subdivided into several genera of which Mucor, Absidia, Rhizopus and Mortierella are 
the most important as these have all been reported to be associated with animal infection. 
The species belonging to the genus Rhizopus are characterised by branched loose mycelia 
with sporangiophores in opposition to rootlike rhizoides. The sporangia are black with 
columella and apophyses. A typical sporangium of Rhizopus is given in Figure 1, p.35.
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Mucor sporangiophores are more or less branched with sporangium on the ends. The 
sporangium possesses a columella but no apophyse in contrast to Rhizopus. A  typical 
sporangium of Mucor is given in Figure 1, p.35.
The genus Absidia is characterised by sporangia formed like a pear with more or less 
hemispheric columella and a narrow apophyse. Sporangiophores form bunches between the 
starting point and end of their aerial hyphae (Reiss 1986).
Figure 1 : Sporangia of Zygomycota
Rhizopus species (Müller and Loeffier 1992)
1 = Sporangiospores
2 = Columella
3 = Sporangiophore
4 = Apophyse
Mucor species (Reiss 1986)
1 = Sporangiospores
2 = Columella
3 = Sporangiophore
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Division of Ascomycota
The typical feature of telemorphic Ascomycota is the ascus. It is a tubelike structure 
containing ascospores which are the result of caryogamie of haploid compatible nuclei. The 
order Ascomycota consists of the classes Endomycetes and Ascomycetes. The 
Ascomycetes themselves are divided into three subclasses. The greatest number of species 
are found in the subclass of Ascomycetidae. The telemorphic forms of these subclasses can 
be further divided into 3 groups according to their fruit body, which are designated either 
as perithecia, cleistothecia and apothecia.
The order Eurotiales is of special interest because of the relationship between some of its 
genera and the "form genus" Aspergillus, which is placed in the division of 
Deuteromycota. At least two genera, Emericella and Neosatoria, have known anamorphic 
forms found in the genus Aspergillus.
Division of Basidomycota
The division of basidomycota consists of two classes, Ustomycetes and Basidomycetes. 
Several plant pathogens are found in ustomycetes, which are responsible for known 
diseases such as „brand“. Economically important plants such as wheat and com have also 
been affected by this disease, causing immense damage in agriculture (StraBburger 1983). 
The members of the basidomycetes are classified as those which develop a typical fruit 
body, designated as a basidomata. By this classification "mushrooms" belong to this class. 
As with the ascomycota both telemorphic and anamorphic forms occur but in the 
anamorphic forms differences are less distinct than in ascomycota 
Deuteromycota
As already discussed the division Deuteromycota contains fungi with unknown 
telemorphic forms. These genera are grouped according to similar stmctures, not 
considering their phylogénie relationship. Two orders which are distinguishable are the
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Hyphomycetes (Mondiales) and Coelomycetes. The genera Pénicillium (Figure 2, p.38) 
and Aspergillus belong to the first order .
Aspergillus
The authoritative work on the classification of species belonging to the form genus 
Aspergillus, was done by Raper and Fennell 1965. Several species are grouped together 
forming groups of similar and/or related species. As well as colonial characteristics the 
structures of the conidial stage are important for the identification of the species 
Aspergillus. A short description of the most important species which have been found to 
infect man and animals are given below together with illustrations of their conidial forms. 
Aspergillus fumigatus typically grows in colonies, shaded green to dark green producing 
columnar, compact conidial heads with strict uniseriate sterigma. The closely related 
species Aspergillus fischeri shows white to yellowish colonies, and cleistothecia with 
ascospores. Aspergillus fumigatus can be further identified as it is the most pathogenic 
Aspergillus species to animals and man.
Asp. clavatus has pale blue-green to greyish blue-green colonies. In young cultures the 
conidial heads are clavate but split quickly forming always strictly uniseriate sterigma.
Asp. restrictus is characterised by green shaded colonies and columnar conidial heads with 
strictly uniseriate sterigma and slow growth on Czapek-Dox agar.
Aspergillus niger and Aspergillus flavus show uniseriate and biseriate sterigma sometimes 
even on the same conidial head. Aspergillus niger conidial heads are typically black and 
roundish whereas the colour of conidial heads of Aspergillus flavus are green or yellow. 
Aspergillus nidulans is the only species of those used which has strictly biseriate sterigma. 
The condial heads are green and columnar.
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Figure 2 : Conidial heads of Mondiales
Aspergillus niger (Müller and Loeffier 1992)
1 = Conidia
2 = Phialides
3 = Metulae
4 = Vesicle
5 = Conidiophores
Aspergillus fumigatus (Müller and Loeffier 
1992)
1 = Conidia
2 = Phialides
3 = Vesicle
4 = Conidiophores
2
3
- - 5
Aspergillus, flavus (Raper and Fennell 1965)
1 = Conidia
2 = Phialides
3 = Metulae
4 = Vesicle
5 = Conidophores
Pénicillium chrysogenum (Müller and 
Loeffier 1992)
1 = Conidia
2 = Phialides
3 = Metulae II
4 = Metulae I
5 = Conidiophore
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1.2. Diseases in man
The earliest references to diseases caused by moulds were given by Virchow 1856. They 
are normally diagnosed by growing the fungus from the infected lesion or by the detection 
of serum antibodies in the host. Diseases in man caused by aspergilli have been divided 
into six groups on the basis of immunological characteristics (Stevens 1988):
Mvcotoxin inhalation
Fungi can produce toxic secondary metabolites which cause poisoning when eaten or 
inhaled. These metabolites are called aflatoxins, and can be produced by some strains of 
Asp. flavus. Asp. parasiticus and Asp. oryzae but no immunological reactions occur in this 
disease.
Saprophvtic growth fAsnergilloma)
The normal prerequisite for the saprophytic growth of Aspergillus fumigatus in a man is 
some form of tissue damage, which is often caused by tuberculosis in 80% of cases. (De 
Coster and Diercha et al 1988). During the saprophytic infection, a fungal ball 
(aspergilloma) is built up in cavities that occur in the lung, which are visible as a typical air 
crescent in chest X-rays (Hay 1988). Strong serum precipitin reactions are found in 
immunodiffusion against Aspergillus fumigatus culture filtrate antigens with 93% of 
patients with proven aspergilloma (Coleman and Kaufinan 1972). Baur and Dewair 1985 
could only detect the production of antibodies of the IgG isotype in patients with 
aspergilloma by immunoblotting of patients sera against Aspergillus fumigatus culture 
filtrate antigens. Aspergilloma that do not generate precipitating antibodies are very rare. 
De Coster et al 1988 have reported that this only occurs at a rate of 0.58%.
Invasive Aspergillosis
In comparison with the other diseases caused by Aspergillus species, invasive aspergillosis 
is the only disease in which the fungus penetrates body tissue. This often occurs in the
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lungs of immune compromised, neutropenic patients (Hay 1988, Yu and Muder et al 1986), 
as a result of the poor antibody response to the infecting organism (Matthews and Bumie et 
al 1985). Therefore systems relying on the detection of specific antibodies for diagnosis of 
invasive aspergillosis are unreliable, so other methods must be found to diagnose this 
disease (Holmberg and Berdischewsky et al 1980). Attempts to culture the infecting 
organism from sputum have been unsuccessful (Bumie 1991) with isolation of the fungus 
from known patients being difficult. Hyphae can easily be identified by conventional 
staining methods or with specific antibodies (Phillips and Weiner et al 1987), so it is 
possible to search for fungal hyphae in tissue sections but due to the invasive nature of this 
method it has limited use. To solve these problems, systems for the detection of specific 
antigens in blood or urine have been developed. Wilson and Hearn et al 1987 developed an 
ELISA system using antibodies raised against a mixture of cell wall and somatic antigens 
whereas the inhibition assay developed by Sabetta and Miniter et al 1985 detected 
carbohydrate rich somatic antigens. Other methods such as radio immuno assay (Talbot 
and Weiner et al 1987) and reversed latex agglutination tests (Bumie 1991) have also been 
used, but with limited success. All these techniques are dependant on the standardisation of 
the detecting antigens and antibodies. The standardisation of antigens however is only 
reliable when they are purified down to a single component controlled by a suitable method 
such as electrophoresis. On the other hand antibodies are only reliable when they can detect 
only one defined epitope (monoclonal antibodies), or a defined set of epitopes (specific 
polyclonal antibodies). Recently, methods have been developed to detect antigens in sera 
or urine using SDS-PAGE in combination with Westem blotting. This technique was used 
by Yu and Niki et al 1990 who detected 5 antigens of molecular weight ranges 20 - 88 kD. 
Pjdibhii-dinXi-Aspergillus fumigatus culture filtrate antibodies were used to monitor the
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appearance of Aspergillus fumigatus antigens in the blood and urine of experimentally 
infected rats. A similar series of experiments was done by Haynes and Latgé et al 1990 
using urine from neutropenic patients. In 9 of 10 patients a total of 7 cell-wall antigens 
ranging from 11 to 44 kD were detected with the major antigens at 11 and 18 kD. 
Respiratory Allergy to Asversillus
Patients with this disease show a typical type I hypersensitivity reaction to the crude 
culture filtrate, or hyphal extract antigens from Aspergillus fumigatus, by skin test or 
bronchial challenge test. Specific antibodies of the IgE isotype which react with 
Aspergillus fumigatus antigens, can be detected in all cases by ELISA or RAST tests (Baur 
and Dewair 1985).
Extrinsic Allergic Alveolitis fEAA. Hypersensitivity Pneumonitis)
EAA is an immune complex type III hypersensitivity reaction involving the formation of 
IgG complexes with Aspergillus fumigatus antigens in the respiratory tract. The disease can 
develop either from the type I respiratory allergy or in non-atopics, from prolonged 
exposure to fungal antigens, often as a result of working conditions. In some patients the 
disease is further complicated by the involvement of a delayed hypersensitivity reaction 
with the formation of granuloma in the alveolar tissue (Hay 1988).
Allergic Bronchopulmonary Aspergillosis fABPAt
ABPA can be divided into five stages using characteristic clinical findings (Patterson and 
Greenberger et al 1982). It is thought that both type I and type III hypersensitivity reactions 
are involved in ABPA (Hay 1988 ). Extensive studies by Longbottom 1983 b found 
specific antibodies to Aspergillus fumigatus of both IgG and IgE isoptypes in 90% and 
94% of cases respectively. ABPA develops from the type I respiratory allergy when 
sufficient lung damage has occurred to allow mycelia growth to become established so that 
the patient becomes continuously exposed to fungal antigens which leads to the additional
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development of an IgG response (Slavin and Knutsen et al 1993). ABPA is commonly 
associated with cystic fibrosis (Mrouehand and Spock 1994)
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1.3. Bovine mycotic abortion
Different reasons are responsible for the abortion or prematurely death of embryo. The 
clinical findings can be divided in three groups (Fraser and Bergeron et al 1991). 
Noninfectious abortions: In this group abortions are due to genetic reasons, hormonal 
reasons, poisoning, injuries and nutritional deficiencies.
Infectious abortions: Infections caused by various bacteria e.g. brucellosis {Brucella 
abortus)
Mycotic abortion: Caused by moulds of Aspergillus or Mucor species. Mycotic abortion is 
discussed more detailed below.
Placental changes
Bovine mycotic abortion is caused by fungal infection of the placenta which is 
characterised by gross thickening and focal necrosis of the cotyledons, changes in of the 
colour of the placenta and thickened, wrinkled and leathery membranes between 
cotyledons can also occur (Burton and Fraser et al 1977, Pepin 1983). Some authors have 
also demonstrated the presence of circular infectial lesions in the foetal skin with the foetus 
being infected in 25% to 33% of mycotic abortions ( Austwick 1968, Kendrick 1975) 
Pathogens
Aspergillus fumigatus has been identified as the main pathogen that is detected in bovine 
mycotic abortions (Beer 1974, Krogh 1985, Me Causeland and Slee et al 1987, Pal 1988, 
Jensen and Krogh et al 1991). Other pathogens which have been reported to cause abortion 
are Mucor (Krogh 1985, Jensen and Krogh et al 1991), Absidia (Krogh 1985) and 
Mortierella wolfii (Me Causeland and Slee et al 1987). In most cases only a single fungal 
species can be isolated but mixed infections have been reported (Hubbert and Booth et al
1973).
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Epidemiology
The normal term of pregnancy in a cow is 9 months, and bovine mycotic abortion occurs 
mainly between the 6th and 8th month of pregnancy. Mouldy hay is suspected to be the 
main source of the infection as all major pathogens that have been reported to cause bovine 
mycotic abortion have been isolated from this source. Indoor feeding has also been 
correlated with a higher rate of abortions (Williams and Shreeve et al 1977) with a general 
high rate found in the winter months (Krogh 1985). It has also been suggested that humid 
periods can increase the occurrence of disease, possibly via the poorer quality of humid hay 
produced, but a correlation between the amount of rain and the disease has not been found 
(Sheridan and White et al, 1985). The frequency of mycotic abortion from different 
countries is shown in Table 1, p.45. The data indicates the considerable economic damage 
occurring from the loss of milk production and calves and is probably an underestimate as 
many cases of bovine mycotic abortion are not reported.
Infection
The route of infection is still not clear. Infection via the vagina seems to be unlikely as it 
can be shown that if spores of Aspergillus fumigatus are given intravenously to pregnant 
cows, a uterine infection occurs. It is therefore likely that infection occurs by the cow 
breathing in the fungal spores which then infect the uterus via the blood stream (Beer
1974)
In experiments in cattle an intra venous application of spores caused the colonisation of the 
gravid uterus indicating that a spread out via blood system after an infection of the lung is 
possible (Beer 1974). Jensen and Hau 1990b established a mouse model for Aspergillus 
fumigatus induced abortion. The pregnant mice were challenged intravenously with 1*10^ 
conidia which resulted in infection of the placenta and foetus which is very similar to the
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results of histological examinations in infected cows. It is also possible that fungal invasion 
can occur from the gastrointestinal tract because mycotic infections especially of the 
omasum were reported (Jensen and Aalbek et al 1992, Jensen and Olsen et al 1994). In 
some cases a hematogenous spread out to the liver (9 of 29 examined animals) was 
observed whereas only 3 of 29 cases showed spread out through lymph system. (Jensen 
and Olsen et al 1994).
No conclusive decision can be made about the route of infection, but most observations 
point to spread out via blood stream and infiltration through the lung or gastrointestinal 
tract
Table 1 : Frequency of mycotic abortion in different countries
Country Number of 
examined 
abortions
Rate of 
mycotic abortion
Author
Denmark 748 14% Krogh 1985
Australia 1107 11.8% Me Causeland and Slee et al 1987
England 1225 19.4% Hugh-Jones and Austwick et al 
1967
England 7886 11.4% Williams and Shreeve et al 1977
Ireland 8809 1-2% Sheridan and White et al 1985
Germany 20000 9% Weikl 1965
Switzerland 3963 8.5% Stuker and Ehresperger et al 1979
USA 3812 5.1 % Hubbert and Booth et al 1973
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Diagnosis
Burton and Fraser 1977 reported that the presence of hyphal elements in the stomach 
contents of the aborted foetus was a useful diagnostic criterion, Pepin 1983 has suggested 
that many of these observations may be due to contamination. The detection of Aspergillus 
fumigatus by culture from the infected foetus or uterus can not on its own be taken as 
evidence of mycotic abortion as successful isolation of the fungus is difficult and obtained 
isolates are later often found to be contaminants (Pepin 1983). The use of crude culture 
filtrate antigens for the detection of precipitating antibodies by immunodiffusion assay as a 
mean of diagnosis was unsuccessful (Wiseman and Dawson et al 1984) which was likely to 
be due to reacting antibodies against other micro-organisms. The use of a purified antigen 
preparation may improve the success of this technique.
A more reliable diagnosis of mycotic abortion is based on the detection of fungal elements 
in tissue sections of an infected foetus or uterus. The sections are stained with conventional 
dyes such as the Grocott or Haematoxylin stains or with fluorescence labelled rabbit 
antibodies raised against somatic antigens of Aspergillus fumigatus (Jensen and Krogh et al 
1991). The histological examination of tissue for fungal hyphen requires highly specialised 
laboratory facilities. Consequently this method is not suitable for routine examinations by 
most veterinary laboratories. The technique also only allows the fungus to be identified to 
the generic level, and so is of little use if a precise species diagnosis is required.
There are at present no reliable and simple techniques available, which can be used to 
diagnose bovine mycotic abortion based on the examination of the aborted foetus or 
placenta.
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Another possible approach to diagnosis would be to examine the aborted cow either for the 
presence of elevated specific antibodies to the major pathogen Aspergillus fumigatus, or for 
specific antigens released into the body fluids during fungal growth.
A considerable amount of research has been done in this area for the diagnosis of human 
infections due to Aspergillus fumigatus. This is reviewed in the following sections. To date 
no single technique has proved successful, due to the lack of specific antigen preparations. 
The problems associated with the use of sero-diagnosis for bovine mycotic abortion in 
cattle are likely to be more complex than in the human disease due to the higher levels of 
antibodies to environmental fungal antigens in cattle. The attempts which were made to 
detect antigens and antibodies as a diagnostic parameter in mycotic abortion are 
summarised in "1.7.3. Antibodies and antigens for the diagnosis o f Aspergillus fumigatus 
infections in cattle", p. 123.
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1.4. Methods for the examination oî Aspergillus fumigatus antigens
1.4.1. Antibodies
The mammalian immune system has evolved to combat infectious microbial agents and 
malignant body cells. It is divide into two functional compartments namely the innate 
immune system and the adaptive immune system. The innate immune system acts as a first 
time non-specific defence and only if this fails is the adaptive immune system used to 
defend the body.
The adaptive immune system induces a specific response to each pathogenic 
microorganism which is based on both a cellular and an antibody response. Cellular 
immune responses are directed against facultative and obligate intracellular parasites 
whereas antibody responses are directed against extracellular parasites. The adaptive 
immune system also has the ability to remember an infecting microorganism and this will 
prevent reinfection by the pathogen.
Aspergillus fumigatus is an extracellular pathogen and so the main adaptive response to 
this organism is based on antibody produced from specific B lymphocytes. The immune 
response is mounted against structural or extracellular components of the fungus which are 
T cell independent antigens like polysaccharides or proteins which also require the 
participation of CD 4^ T helper cells in the production of antibody and are T dependent 
antigens.
Mosmann and Coffman 1989 have identified two major subpopulatations of CD 4^ cells 
defined on their cytokine patterns. T^l cells produce the cytokines IL-2, and IFN y and are 
mainly concerned with driving cell mediated immunity, Th2 cells which produce IL-4, IL- 
5; IL-6, IL-10 mainly drive antibody production from activated B lymphocytes. Mossman
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and Sad 1996 have identified further subclasses of CD4^ Ty cells which are thought to be 
derived from a common precursor CD4^ 0 cell.
The selection of a particular subpopulation of CD4^ Ty cell for an immunological response 
is thought to be due to cell to cell interactions between the antigen presenting cells that 
presents antigen bound to class 11 MHC antigens to T^O cells together with local cytokine 
production.
In an humoral response specific clones of B lymphocytes recognise by their surface 
immunoglobulin (slg) receptors short conformational determinants expressed on the 
surface of the antigen. The size of the detected area is about 7 nm^ and consists of about 15 
amino acids or sugar moieties (Klein 1991). The binding of slg and the corresponding 
soluble antibody to an antigen is mediated by ionic, van der Waals and hydrophobic 
interactions as well as by hydrogen bridges. A strong binding between antigen and 
antibody occurs when corresponding partners of each interaction have a good energetic 
position in the epitope (antigen) and paratope (antibody).
In a normal immune response the antibody response to a particular antigen will be directed 
against a number of different epitopes and so will consist of a mixture of antibodies of 
different specificities. This is known as a polyclonal response. Some epitopes may be 
unique to a particular antigen whereas others will be widespread on related and unrelated 
antigens. The humoral response to an antigen is therefore likely to produce both specific 
and non-specific antibodies.
The antibodies produced in an immune response will also contain different isotypes of 
immunoglobulins. The isotypes that are produced are dependant on the cytokines produced 
by CD 4^ Th cells, lnterleukin-4 produced by activated Ty2 cells is responsible for the 
class switch to IgE and IgGl in B cells whereas Interferon gamma induce a class switch to
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IgG3 and IgG2a. No cytokines are involved in the induction of IgM as no class switch is 
needed to produce this immunoglobulin. Therefore IgM is the initial antibody in primary 
response of T^ ependend (^d) antibodies and is also produced in immune response to T cell 
independent (Ti) antigens. The isotypes produced in an immune response will determine 
the type of secondary reaction produced when antigen reacts with the antibodies. Typical 
examples are the complement activation of IgG and IgM and the binding of IgE to mast 
cells (Janeway and Travers 1995).
Similarly to other systems describing adsorption, the strength of binding between a epitope 
on a protein and paratope on antibody is related to their properties, especially their surface 
structure in molecular dimensions. In immunology the strength of binding between two 
components (antigen and antibody) is designated as its affinity. The affinity is defined as 
the binding strength of a single antigen binding site of an antibody and an epitope of an 
antigen (Klein 1991). However in a polyclonal antibody response antibodies with different 
specifities and different affinities are produced and also, in most cases, several different 
epitopes are found on the same antigen. The binding reactivities of these complex 
combinations of antibodies and antigens are designated as the avidity of an antiserum and 
serum titrations against an antigen are often used to give an indication of these reactions. A 
titre is used to characterise the strength of reactivities. A titre simply indicates the highest 
dilution of an antibody ( or antigen) down to which an antibody-antigen reaction can be 
detected and will be dependent on the combined affinities/avidities of the reacting 
antibodies, antibody and antigen concentration and the availability of specific epitopes on 
the antigen. A wide range of techniques are available to detect antibody-antigen reactions, 
those that are commonly used to detect anti-Aspergillus antibodies are discussed in the 
following sections.
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1.4.2. Double immunodiffusion
Antibodies of IgG and IgM isotypes and soluble multivalent antigens can react together to 
build up a solid cross linked matrix structure when reacted at optimal concentrations. When 
there is a surplus of one of the reactants, the matrix structure remains in solution, because 
only when the reactants react in equimolar concentrations will an insoluble precipitate 
form. This effect was used by Ouchterlony 1965 to detect the reactivities between antigens 
and antibodies. The Ouchterlony technique is carried out in buffered agarose gels (pH = 
8.6) with large pore sizes. Wells are cut out of a flat agarose layer and the antigen and 
antibody solutions are placed in neighbouring wells. The agarose is then incubated at room 
temperature or at 4°C to allow the antigens and antibodies to migrate towards each other by 
diffusion. As the reactants diffuse from the wells into the gel matrix concentration 
gradients are formed and where specific antibody and antigens react at optimal 
concentrations an immunoprecipitate is formed. The Ouchterlony technique is therefore an 
easy and cheap method to perform, but because of the diffusion it is very time consuming 
and since only a limited separation of components is obtained it is of limited value if 
mixtures of antigens and/or antibodies are used. Precipitation bands can be seen by simple 
visual examination of the gels, and sensitivity can be increased with additional staining or 
with radiolabled antibody probes detectable with autoradiography. According to Behm 
1991 protein concentrations between 5 and 50 pg / ml are required to produce detectable 
precipitates by this method. This technique is widely used for the detection of antibodies to 
Aspergillus fumigatus using crude culture filtrate or hyphal antigens.
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1.4.3. Crossed immune electrophoresis
Crossed Immune Electrophoresis (CIE) is a two dimensional electrophoresis done in 
agarose gels. Antigen mixtures are first separated due to the electrophoretic mobility and 
the resulting electropherogram is then used as the starting point of the second dimension. 
The gel obtained in the first dimension is placed in front of a gel containing 
homogeneously distributed antibodies to the separated proteins. The separated proteins are 
then run into the antibody containing gel by electrophoresis. It is important that during 
electrophoresis the antibodies in the second gel do not move in the electric field, it is 
therefore necessary to select the pH value at the isoelectric point of the antibodies (pH 8.6). 
A second prerequisite is the use of agarose with low electroendosmosis to avoid water 
transport. As the protein antigens move into in the second dimension precipitation will 
occur which is shaped like a rocket. This form results from the migration of antigens into 
the antibody containing gel when an initial precipitate is formed, which is then dissolved 
by a surplus of antigen migrating into the gel. On both sides of the rocket the precipitate 
remains, and the surplus of antigen decreases during electrophoresis. When no further 
surplus is available, the peak of the rocket has been reached. The formation of precipitates 
is a similar process to those in the Ouchterlony technique. Modifications of this technique 
have been developed to obtain further information about the examined antigens/antibodies. 
Longbottom 1983a incorporated IgE antiserum, and labelled the bound antibodies with 
radioactive marked anti-lgE antibodies to detect both IgE and IgG binding sites on 
Aspergillus fumigatus antigens precipitated in CIE arcs.
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1.4.4. Enzyme Linked Immunosorbent Assay
Another possible way to quantify immunological reactivities is the ELISA method 
(Enzyme Linked Immunosorbent Assay) introduced by two research groups (Engvall and 
Perlman 1971; Avrameas and Guilbert 1971). The basic property that allows this method to 
be used for the determination of antibody or antigen is the high affinity of biological 
molecules such as antigens and antibodies for plastic surfaces. ELISA tests are carried out 
in 96 well micro titre plates made of transparent plastics, such as polystyrene or 
polypropylene. When an antibody or antigen solution is placed into the well of an ELISA 
plate it binds to the surfaces, being held predominantly by non-specific hydrophobic 
interactions (Tijssen 1988). The affinity for binding is characteristic for different proteins 
as found by Cantarero and Butler et al 1980. When mixtures of different antigens are 
bound to polystyrene, strongly binding proteins will be concentrated onto the surface 
relative to their original concentrations in solution, thus antigens can be selectively bound 
from a mixture so the population of antigens coated on the polystyrene may not reflect 
those in the original antigen solution. When antigens or antibodies are bound to the surface, 
it is necessary to block the remaining free binding sites in order to avoid the binding of one 
of the following protein components. This is usually done with a non-reactive soluble 
protein such as bovine serum albumin or ovalbumin. The blocking reagent must not 
interfere with any component of the test system. The second component either antibody or 
antigen, depending on the type of ELISA, is than applied to the system. To make the 
reaction visible one component is conjugated to an enzyme which will result in a detectable 
signal when an appropriate substrate is applied. An ELISA test may be designed in various 
different ways in order to optimise the detection of antigen or antibody. It is therefore 
possible to detect all isotypes of antibodies independent of precipitation reactions. The
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sensitivity is better than 1 ng / ml depending of the system (Prostmann and Prostmann
1991).
Direct ELISA
In this assay antigens bound to the solid surface are reacted with specific antibody that has 
been conjugated with enzyme. The resulting immune complex can be detected by 
estimating enzyme activity.
Indirect ELISA
The indirect ELISA has been the method of choice for the detection of serum antibodies for 
the diagnosis of Aspergillus fumigatus infections. The basic technique coats antigens onto 
polystyrene which are reacted with the patients serum. Bound antibody is then detected 
using enzyme conjugates of anti species specific antibodies designated as secondary 
antibody. Conjugates can be polyvalent reacting with all immunoglobulin isotypes or 
monospecific. The sensitivity of the reaction can be increased by using secondary 
antibodies conjugated with biotin. Biotin is a small molecule which strongly binds to 
avidin. This secondary antibody is coupled with more than one biotin molecule, and the 
enzyme necessary for the colourimetric reaction is then coupled to avidin. Therefore one 
secondary antibody binds to several enzyme molecules resulting in a strengthened colour 
reaction and an increased sensitivity.
Antigen trapping ELISA
In comparison to direct and indirect ELISA, antibodies are bound to the polystyrene 
surface of the microtiter plate. Because of the specificity of the „trapping“ antibody, an 
antigen can be selectively bound from a complex mixture of antigens including body 
fluids. In the next step an antibody, which is also directed to the same antigen, but which 
detects a different epitope, is bound to the antigen. This „secondary“ antibody could be
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either conjugated to an enzyme, or it could be detected using a class and species specific 
antibody-enzyme conjugate. Care must be taken in the combination of antibodies to avoid 
cross reactions between them. The „trapping“ antibody for example must be heterologous 
to the secondary antibody or the antibody enzyme conjugate, otherwise the „trapping“ 
antibody alone will also bind to the detecting antibodies.
Principles for the detection of antibodies
Enzymes are most frequently used for conjugation with antibodies, but they must fulfil 
several criteria in order to be used as a conjugate in the ELISA technique. Enzymatic 
reaction must be compatible with the conditions in assay. The activity of the enzyme must 
be easily detectable for example be a coloured product. To get high sensitivity a high 
substrate turnover is required (Tijssen 1988).
There are methods which are based on radioactive markers, but the difficulties in handling 
limits the use of these methods. It is also possible to conjugate a fluorescence dye to an 
antibody which is detectable in a special ELISA reader.
1.4.5. Sodium Dodecyl Sulphate Gel electrophoresis
In SDS-PAGE (= Sodium Dodecyl Sulphate Poly Acrylamide Gel Electrophoresis) 
proteins are separated according to their molecular weights. SDS-PAGE is based on the 
observation of Weber and Osborn 1969, that the mobility of proteins in the presence of 
SDS is a linear function of the logarithm of their molecular mass. In normal 
electrophoresis, the electrophoretic mobility of proteins depends on both its charge and 
size. SDS is a detergent consisting of a hydrophilic region (sulphate group) and a 
hydrophobic region (alkane chain). When SDS is added to a protein solution the 
hydrophobic region binds to the hydrophobic areas of the protein, which are formed from 
amino acids with hydrophobic side chains such as alanine, valine, leucine, isoleucine,
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proline, phenylalanine, tryptophan and methonine. The native protein structure is disrupted 
by the loss of hydrophobic interactions between the amino acid chain of the protein and is 
changed to a form called a "random coil". Because of the ionic structure of the sulphate 
group of SDS, the whole coil becomes negatively charged. The charge is uniform per unit 
length, and about 1.4 g of SDS is bound per 1 g protein (Hames and Rickwood 1987). In a 
random coil the natural shape is lost and all proteins have a spherical form. Therefore the 
migration speed is only dependent on the size of the sphere which is related to the 
molecular weight. Discontinuous and conformational epitopes based on the natural 
structure can be lost on treatment with SDS, however many continuous linear epitopes do 
remain. Because many antibodies detect discontinuous epitopes antigenic reactivity will 
also be lost. Treatment with SDS also dissociates non-covalent bound subunits. The 
inclusion of reducing agents such as B-mercaptoethanol with SDS, further breaks down S-S 
bonds resulting in covalent linked subunits becoming liberated from a larger complex.
The advantages of SDS-PAGE are its high resolution, and the possibility to detect 
immunological properties of single protein components via immunoblotting. The 
disadvantages are the denaturing conditions necessary for separation.
SDS-PAGE is frequently used together with immuno blotting procedures in a large number 
of more recent investigations dealing with aspergillosis as this gives a more detailed 
picture of antigens of Aspergillus fumigatus and enables the determination of the 
antibodies produced during immune response. The spectrum of antibodies produced can be 
of use in diagnosis (Bumie and Matthews et al 1989).
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1.4.6. Isoelectric Focusing
Iso Electric Focusing (lEF) is an electrophoretic method whereby proteins are separated 
according to their Iso Electric Point (IE?) in a pH gradient constructed in a thin layer 
polyacrylamide gel. The proteins are in a charged form when the electrophoresis starts 
and as a voltage is applied they move along the pH gradient until they reach their 
isoelectric point. At their IE? they lose their net charge, stop moving and focus in the gel. 
The pH-gradient is the crucial point of lEF, and in order to establish it ampholytes are 
used which have a high pH buffering capacity at their isoelectric point. Ampholytes are 
composed of polyamino and polycarboxylic acids which can be obtained with different 
IE?'s. This is achieved by the conjugation of different numbers of basic and acid groups 
in the same molecular structure.
The original method of lEF used carrier ampholytes which were not covalent bound to 
the gel matrix and before electrophoresis a prefocusing step had to be done to build up the 
pH gradient. The polymerisation of ampholytes together with the gel matrix is a more 
recent method (Bjellqvist and Ek et al 1982) designated as Immobiline® gels. The 
stability of the gradient is higher than in conventional lEF which improves the 
reproduction of the pattern. The major advantages of lEF are the non-denaturing 
conditions in urea-free lEF and the high resolution of the separation.
1.4.7. Western (Immuno)BIotting
Blotting is the method of choice to make protein mixtures that have been separated by 
polyacrylamide gel electrophoresis, accessible to different detection methods which cannot 
be used with a gel matrix.
The principle of blotting is to transfer a protein mixture separated by SDS-PAGE, Native- 
PAGE, lEF or 2-D electrophoresis to a membrane which has a high binding affinity for
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proteins, such that the separation pattern is maintained. Nitrocellulose is the most 
frequently used transfer membrane but new materials such as PolyVinylidenDiFluoride 
(PVDF) membranes show equal or higher binding capacities (Mansfield and Stafford
1992). The transfer of separation patterns can be achieved by several methods.
Diffusion blotting : The membrane is laid on the surface of the gel containing the separated 
protein mixture. This method is cheap and very easy to perform but small amounts of 
proteins are transferred, and long diffusion times are needed. Because of diffusion, blotted 
bands are broad and protein bands of low concentration are badly transferred. On the other 
hand little or no dénaturation occurs.
Electroblotting (Towbin and Staehelin et al 1979): In electroblotting separated proteins are 
moved by electrophoresis at right angles to the original run onto the transfer membrane. 
The transfer time is minimised and therefore less diffusion occurs resulting in sharper 
bands. Proteins must be charged in order to migrate in the electric field. In SDS-PAGE this 
is not a problem, but in lEF, proteins are at their isoelectric point, and are therefore 
uncharged, but the addition of SDS to transfer buffer can improve the mobility in such 
cases. Another problem that can arise is that small proteins below 10 kD molecular weight 
can pass through the standard 0.45 pm poresize nitrocellulose membranes. If this occurs 
the problem can be reduced by using membranes with smaller pore size of 0.25 pm. 
Antigenic components transferred to the blotting membrane can be detected with 
polyclonal or monoclonal antibodies. The procedures of immunological detection are very 
similar to those used in ELISA but the products of the enzyme reaction must be coloured 
and insoluble. If SDS-PAGE electrophoresis is used as the original separation step there is 
a danger that many conformational epitopes in the antigen sample will be lost and will not 
be detected by the probe antibodies.
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1.4.8. Chromatofocusing
Since the early work of Sluyterman and Wijdenes 1978 chromatofocusing was developed 
to valuable tool in preparative protein separation. The method gives a high resolution to 
proteins with different isoelectric points and can be used as the preparative version of 
isoelectric focusing (lEF). The separation mechanism is quite different from those of lEF 
and are explained in Figure 3, p.60.
To create a linear pH gradient along the column a ampholyte polybuffer and an ampholyte 
polybuffer exchanger are used. To start the separation the polybuffer exchanger is 
equilibrated to a pH value above the isoelectric point (lEP) of the component of interest. 
The elution buffer (polybuffer) is adjusted to a pH value below the lEP of interest. The 
chromatography is a titration of polybuffer exchanger (higher pH value) with polybuffer 
(lower pH value). The protein sample is applied together with the polybuffer and the 
protein component is therefore positive charged. The volume of protein sample is not 
critical as long as the complete sample is applied before the component of interest leaves 
the column. In Figure 3, p.60 it can be seen that sample molecules move fast together with 
the flow of polybuffer until the reach the pH range of their lEP. If they past this point they 
become negatively and bind to the solid phase. The front of lEP moves slower than the 
flow of polybuffer. Finally the component is eluting from column in a fi^action with the pH 
nearby its lEP. Separated components can then be checked for purity and their reactivity 
against antiserum by lEF and immunoblotting.
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Figure 3 : Separation mechanism in chromatofocussing
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1.5. Crude antigen preparations of Aspergillus fumigatus
1.5.1. Production of crude antigen preparations
The preparation of consistently reliable antigens from Aspergillus fumigatus is essential if 
a system based on the detection of specific antibodies is to be used for the diagnosis of 
infection. Antigens can be prepared firom the fungal mycelium, conidia or culture filtrate, 
by a number of routes which have been summarised in Figure 4, p.62. A wide variety of 
preparative methods have been used by various research groups, who also in many cases 
studied different strains of the fungus which had been grown under different conditions. 
The lack of standardisation of the methods used for crude antigen preparation has made the 
comparison of results obtained by research groups difficult . Nevertheless some general 
points can be made as follows:
a) Predominantly polysaccharide antigens are found in the hyphal walls. About 82% 
hexoses and hexosamines detected in disrupted hyphal walls in comparison with only 2 
% proteins (Latgé and Debeaupuis et al 1991).
b) The ethanol precipitatable components of culture filtrates are composed of 43% hexoses 
and hexosamines and 40% proteins (Latgé and Debeaupuis et al 1991).
c) The antigens from both somatic and metabolic sources are mainly glycoproteins. (Hearn 
198^
d) Enzyme activities are found in somatic as well as in metabolic antigens (Heam 1988)
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1.5.2. Standardisation of crude antigen preparations
The antigenic composition of both the culture filtrates and somatic components of 
Aspergillus fumigatus have been shown to comprise between 150 - 250 different protein 
components when examined by two dimensional electrophoresis. (Piechura and Huang et 
al 1983; Piechura and Kurup et al 1985).
The amounts and types of the antigens produced by a single strain of Aspergillus fumigatus 
have been shown to vary between different cultures (Kauffman and de Vries 1980; 
Longbottom and Austwick 1986a) and within a single culture in relation to the length of 
growth period (Kauffman and de Vries 1980; Piechura and Riefel et al 1987a). Variation in 
the production of antigenic components has also been reported between strains ("1.5.3.4. 
Strain to strain variation of somatic preparations", p.69 and "1.5.4.5. Strain to strain 
variations of metabolic preparations" p.75). The basis of antigenic differences appears to be 
mainly due to the strain of Aspergillus fumigatus used and the age at which the culture is 
tested (see "1.5.4.6. Time dependence", p.77).
In addition to the antigenic differences due to the fungus, many research groups have 
imposed their own variations in antigens by using different methods of preparation. In a 
comparison of 6 different antigen preparations, Phillips and Radigan 1990, found wide 
variations in some components, but others were constant.
Even such basic procedures as the determination of protein content can influence the 
picture of reactivity if variations remain undetected. Longbottom and Austwick 1986a 
compared two methods of protein determination, the Lowry method (Lowry and 
Rosebrough et al 1951) and the Bio-Rad method (Bio-Rad Laboratories 1979). The Bio- 
Rad estimation gave protein contents which were 23% - 46% below those found using the 
Lowry estimation. The extent of the differences between the two methods varied from 
batch to batch of a culture reflecting the total protein contents of the cultures and as the
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Lowry method is mainly detecting tyrosine and the Bio-Rad method detects charged amino 
groups and the concentrations of individual components in the mixture. No single method 
for antigen preparation or protein determination has been used by all the research groups 
working on Aspergillus fumigatus which makes the comparison of their different results 
difficult. The standardisation of this complex system of antigens is the major problem in all 
investigations of Aspergillus fumigatus antigens
1.5.3. Crude somatic preparations
Most methods for the preparation of somatic antigens use physical disruption to break up 
the mycelia such as the X press or the bead mill. Such violent disruption of the mycelia can 
lead to somatic antigen preparations being contaminated with cell wall antigens. 
(Fratamico and Buckley 1991). Heam 1984 attempted to avoid this problem by using the 
milder technique of enzymatic digestion to dismpt the mycelia but this technique has a 
disadvantage in that there is a risk of enzymatic damage to the antigens. Nevertheless 
Piechura and Huang et al 1983 reported that somatic antigens prepared by mechanical 
dismption were a more reliable source of antigens because less variations were found 
between different strains and no batch to batch variation was reported. Somatic antigens 
are frequently derived from 3 to 5 day old mycelia grown in complex media such as 
Sabouraud-glucose broth or yeast extract broth. The components of the medium do not 
interfere with the somatic antigens as they can be removed by intensive washing.
1.5.3.1. Molecular weights of somatic preparations
To identify the different antigens according to their molecular weight SDS-PAGE is 
frequently used which when used in combination with blotting procedures allows the 
relations between protein components and their binding capacities to IgG or IgE to be 
determined. It must be remembered however that only linear epitopes will be detected as 
treatment of protein antigens with sodium dodecyl sulphate (SDS) or SDS + 2-
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mercaptoethanol will disrupt secondary and tertiary structures (see "1.4.5. Sodium Dodecyl 
Sulphate Gel electrophoresis", p.55). The technique has been used for the characterisation 
of purified components as well as for the analysis of the complex crude antigens 
themselves. The first immunological typing system was established by Brunie and Clark et 
al 1989. They used a set of 16 proteins and 11 antigens identified using rabbit antibodies. 
The high number of different patterns that were found in only 21 isolates demonstrates the 
high variability of somatic Aspergillus fumigatus antigens in different strains. All protein 
components selected by the typing were found in at least one silver stain pattern and in at 
least two blotting patterns ensuring that only antigenic components were selected for the 
system.
A detailed report of the different components in somatic preparations was given by Heam 
and Wilson et al 1990. They reported a molecular weight range of 20 to >100 kD as 
determined by SDS-PAGE for the somatic proteins. Using a panel of polyclonal antibodies 
raised against cmde preparations of different hyphal components they attempted to 
differentiate the origins of the separated components by immunoblotting. As the absolute 
specificities of the polyclonal antibodies used as probes were not determinated the results 
were inconclusive.
Puente and Ovejero 1991 examined the somatic antigens extracted fi*om the conidia from a 
range of Aspergillus species to determine crossreactivities (see "1.5.5. Crossreactivities of 
cmde Aspergillus fumigatus antigens with antigens from other fungi", p. 82). Antigens 
between 35-36 kD and 120 kD were identified. The molecular weights of partially 
fractionated somatic antigens have been determined by two other groups. De Repentigny 
and Kilanowski et al 1991, examined the unbound fraction from concanavalin A (Con A) 
affinity chromatography detecting 3 subunits (41, 54 and 71 kD) of a higher molecular 
antigen and demonstrated the variability of immune response of different individuals to
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these 3 three antigens . In the bound fraction from the Con A affinity chromatography 
Fratamico and Buckley 1991 found antigens ranging from 16 to 80 kD. The molecular 
weights of reactive antigenic components found in crude somatic preparations are 
summarised in Figure 5, p. 67
It can be seen that most proteins / antigens were found between 30 kD and 80 kD by 
different authors. No attempts have been made by any research group to relate the proteins 
or antigens they have identified to those isolated by other workers making it difficult to 
identify individual components. The results do however suggest that a major component of 
the somatic antigens is a component with molecular weight in the range o f 3 6 k D - 3 7 k D  
as this was detected by 5 of 6 authors (Figure 5, p.67)
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Figure 5 : Molecular weights of somatic proteins oi Aspergillus fumigatus in crude or 
fractionated preparations
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1.5.3.2. Crossed immune electrophoreses tCIE) of somatic preparations
Before immuno blotting procedures were available, crossed immuno electrophoresis was 
the method chosen for a precise examination of antigens from Aspergillus fumigatus. A 
reference pattern was defined by Wilson and Heam 1983, who examined water-soluble 
somatic antigens separated by Con A affinity chromatography. In the unbound fraction 
(UBF) two major precipitin arcs designated as ‘y’ and ‘x’ were found when sera from 
aspergilloma patients were incorporated in the second dimension. The bound fraction (BF) 
also showed two major ares in the same system and it was found that arc ‘x’ was a major 
constituent of both UBF and BF fractions. The number of precipitin arcs detected were also 
found to vary when different sources of antibody and antigen were used in the system.
1.5.3.3. Batch to batch variation of cmde somatic preparations
The reproducibility of protein / antigen production by members of the genus Aspergillus is 
a major problem in this field. Odds and Ryan et al 1983 paid close attention to the 
disintegration step necessary for the production of somatic antigens. They compared the 
bead mill and X-press methods, and found no difference in PAGE patterns. Therefore the 
disintegration step is unlikely to be a major source of variation. The problem of batch to 
batch variations in somatic antigens has also been studied by Fink and Barboriak et al 
1977, using the Ouchterlony technique, and examining commercial antigen preparations 
with a standard antiserum. They found considerable variations in the antigens present. In 
immuno eleetrophoresis (Heam and Mackenzie 1980) batch to batch variations were found 
in both somatic and cell wall antigens. The variations were found using a form of immune 
electrophoresis, called tandem electrophoresis. Somatic antigen preparations always 
showed greater variations than cell wall antigens when tested against the same antiserum. 
Differences between batches were also reported by Wallenbeck and Aukmst et al 1984, 
detected by immuno electrophoresis but Piechura and Huang et al 1983 found that antigen
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patterns were reproducible in several preparations of their somatic extracts which 
underlines the problems associated with analysis of Aspergillus antigens.
1.5.3.4. Strain to strain variation of somatic preparations
Antigenic variations shown by different strains of Aspergillus fumigatus, have been 
reported for several years. Mycelia and detergent-soluble surface antigens of two strains 
were examined by Heam and Mackenzie 1980. In general the antigen preparations 
contained both common and variable components. Using two-dimensional electrophoresis 
Piechura and Huang et al 1983 were able to quantify the variability. They found that 80 out 
of 150 components were common to three strains of A fumigatus. Wallenbeck and Aukmst 
et al 1984 examined the somatic antigens of 10 strains o i Aspergillus fumigatus, comparing 
physical parameters of the obtained antigens (protein content and carbohydrate content) 
and the reactivities in Cross Radio Immuno Electrophoreses (CRIE) tested against a pooled 
semm from 7 patients allergic to Aspergillus fumigatus. The results were classified 
according to their own reference system and divided into six groups. Out of the 15 IgE- 
reactive components detected, only 3 were found in every strain, and even these antigens 
showed quantitative variations.
The advantage of the high resolution power of SDS-PAGE was utilised by Heam and 
Moutaouakil et al 1990, where both qualitative and quantitative variations were found in 
water soluble fractions of several Aspergillus fumigatus strains. The binding of IgG 
antibodies from ELISA-positive human semm pools, to SDS-PAGE separated and blotted 
antigens was also found to be very variable. Antigens in the molecular weight range 50 - 
200 kD showed the most consistent reactivity with the test antiserum.
1.5.3.5. Time dependence of somatic preparations
Early studies on different growth phases of Aspergillus fumigatus in shake cultures in 
Sabouraud liquid medium, were done by Kauffinan and de Vries 1980. While these results
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refer to the culture filtrates, the changes in somatic antigens were examined later by 
Piechura and Riefel et al 1987a. Significant quantitative and qualitative changes in 
cytoplasmic components of the fungus were demonstrated during the 1 to 10 hr growth 
period. Conidial proteins, and mature mycelia proteins were shown to have different 
molecular weight patterns in SDS-PAGE, and little crossreactivity was found between the 
different preparations when probed with hyperimmune rabbit antiserum prepared against 
somatic preparations of mature mycelia.. The SDS-PAGE patterns of conidial proteins, 
changed progressively during germination to become closer to those of mature mycelia 
where SDS-PAGE patterns were constant in the 19 h to 96 h growth period. These results 
confirm the observations of Odds and Ryan et al 1983 who also found a constant PAGE 
pattern of mycelia proteins between 24 h and 168 h. No direct comparison can be made 
between the classification of growth phases done by Kauffman and de Vries 1980 and the 
results of Piechura and Riefel et al 1987a and Odds and Ryan et al 1987 because different 
strains of Aspergillus fumigatus, different culture media and amounts of conidia were used 
in their studies. This highlights one of the major problems in evaluating the published 
serological studies of Aspergillus fumigatus as different research groups have used 
different conditions to obtain fungal antigens for study.
1.5.3.6. Summary of somatic preparations
The technical possibilities for analysis and purification of proteins have changed 
dramatically in the last 20 years. Methods such as Ouchterlony double immunodiffusion 
and CIE are dependent on both the affinity and isotype of the antibody and source of 
antigen/allergen. Since different antisera and antigens/allergens were used by various 
research groups, no overall comparisons can be made. Two general observations can 
however be made from reports using these techniques:
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a) batch to batch variations of somatic antigens/allergens occur even under constant 
growth conditions (Fink and Barboriak et al 1977)
b) different antigens/allergens are produced by different strains of Aspergillus fumigatus 
(Heam and Mackenzie 1980).
The use of high resolution SDS-PAGE, two dimensional electrophoresis and immuno 
blotting has allowed visualisation of the complexity of the somatic proteins of Aspergillus 
fumigatus. The most important information found by using these methods are:
a) Conidial cultures of Aspergillus fumigatus change the composition of their somatic 
proteins, as well as their immunological reactivity during growth from conidia to the 
mature mycelia form. A stage of constant protein / antigen production is reached after 
about 96 h of growth (Piechura and Riefel et al 1987b).
b) Somatic proteins from different strains o i Aspergillus fumigatus can be grouped together 
according to their molecular weight patterns and their corresponding immunological 
reactivities (Bumie and Matthews et al 1989)
c) Strong variations in antigen composition between different strains found in CIE and 
immunodiffusion can be confirmed using high resolution separation methods such as 
isoelectric focusing (lEF) or SDS-PAGE/Blotting (Wallenbeck and Aukmst et al 1984; 
Heam and Moutaouakil et al 1990)
These methods however cannot always distinguish between the appearance of a single 
component and it's immunological reactivity. Only the purification of the single component 
or the use of monoclonal antibodies which are prepared against a single epitope will give 
more reliable results. Results of investigations which fulfil these criteria have been 
summarised in " 1.6. Isolated and characterised antigens and proteins", p.93.
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1.5.4. Crude metabolic preparations
Metabolic components are obtained from culture filtrates of fungal cultures frequently 
between 3-4 weeks of age. Complex growth media can interfere with the purification 
process used to obtain the metabolic components as some of the medium components will 
copurify with the fungal antigens. Synthetic media consisting of defined low molecular 
components are therefore used. Media such as Czapek-Dox (CD) or the amino acid 
containing AO AC medium (Kurup and Fink 1978) are commonly used in preparations as 
their components can be removed by dialysis or ultra filtration without interfering with the 
fungal products. In general metabolic antigen preparations have been shown to contain 
more components than the somatic antigens whose the isoelectric points (lEP) were found 
to be more acidic, and showed lower molecular weights (Piechura and Huang et al 1983).
1.5.4.1. Molecular weights of crude metabolic preparations
Antigens in crude culture filtrates were found predominantly in a molecular weight range 
between 32 kD and 90 kD as determined by two-dimensional gel electrophoresis (Kurup 
1986). Piechura and Huang et al 1983, also have reported components of lower molecular 
weight in culture filtrates ranging from 14 to 30 kD detected by two-dimensional gel 
electrophoresis and Murali and Dai et al 1992, on SDS-PAGE gel analysis demonstrated 
components with molecular weights between 14 and approximately 150 kD. A molecular 
weight range between 10 and > 100 kD has also been reported by Latgé and Moutaouakil 
et al 1991, using SDS-PAGE analysis. Proteins with molecular weights between 28 and 88 
kD separated by gel filtration using Sephadex G-lOO which will conserve antigenic 
structure were found to react strongly in CIE with sera from patients with Aspergillus 
fumigatus related diseases (Kauffman and van der Heyden et al 1985).
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1.5.4.2. Isoelectric points of crude metabolic proteins
Piechura and Huang et al 1983 and Kurup 1986 have shown that the isoelectric points of 
metabolic proteins in Aspergillus fumigatus culture filtrates were in the range between pH 
3.0 and 5.0. In a more recent investigation Trompelt and Becker et al 1989 obtained protein 
stained blots using lEF (isoelectric focusing) gels which showed proteins in a similar range 
(lEP 3.5 to 5.9). No reports are available that show a detailed analysis of the protein 
patterns or the changes in protein composition that occur between different batches of 
culture, different strains or changes in patterns with growth.
1.5.4.3. Crossed immune electrophoreses tCIE)
CIE has been frequently used for the examination of metabolic antigens. Longbottom 
1983a,b, defined a reference pattern for metabolic Aspergillus fumigatus derived antigens 
by CIE. An antibody pool, obtained from patients with Allergic Bronchopulmonary 
Aspergillosis (ABPA) was tested against metabolic antigens from a 4-5 week old 
Aspergillus fumigatus surface culture grown in synthetic media without complex 
components. The reference pattern obtained showed 4 IgG and 15 IgE binding 
components. To detect the IgE binding components, a variation of CIE, designated as ‘self 
crossed radio immune electrophoreses’ (self CRIE) was used. In further experiments, 
monospecific antisera were produced in rabbits by immunising them with specific antigen- 
antibody-complexes cut from CIE. Intermediate gels containing the different monospecific 
antisera were used to determine the specificity of the antigens as the gel will remove 
individual antigens by complexing them with corresponding antibodies.
Using this technique in combination with immobilised monospecific antibodies, several 
antigens (Ag3; Ag5; Agi; A gi3) were isolated and characterised.. Kauffman and de Vries 
1980 also defined a reference CIE pattern, using metabolic antigens, and hyperimmune 
rabbit antisera, consisting of 22 reference arcs. CIE patterns were followed during the
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growth of Aspergillus fumigatus and significant changes in antigen production were found 
and related to the reference pattern. In the same year, Holmberg and Berdishewsky 1980, 
obtained a CIE pattern of culture filtrate antigens that contained 40 visible components 
using a homologous rabbit antiserum. Unfortunately these different reference systems used 
are not comparable because:
a) No standardised antigens or antisera was used in the different investigations. (The 
variations occurring in metabolic antigens from different batches and strains are 
discussed below).
b) It is not possible in these studies to correlate individual precipitation arcs produced in 
CIE with single protein components as a complex mixture of antigens was used.
1.5.4.4. Batch to batch variations of metabolic preparations
Variations in the antigenic composition of culture filtrates have been demonstrated by 
several authors using CIE, line immuno-electrophoresis and lEF/blotting procedures 
(Kurup and Fink 1978; Longbottom and Austwick 1986a; Trompelt and Becker et al 
1989). The production of different antigens was found to occur using identical culture 
conditions with the same strain of Aspergillus fumigatus. Kauffman and de Vries et al 
1980, studied antigens from three different batches of Aspergillus fumigatus grown under 
strictly controlled conditions by immunoelectrophoresis, after 21 days strong variations in 
the antigenic composition of different culture filtrates occurred. Each batch culture that 
they studied had a different final pH value (5.8, 7.2 and 8.4) which indicates that 
considerable differences in growth and metabolism were occurring in different batches. 
Kurup and Fink 1978 have also reported that batch to batch variations of culture filtrate 
antigens are quantitative, rather than qualitative, which was confirmed by Longbottom and 
Austwick 1986a. More recently qualitative and quantitative variations between different
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batches of culture have been reported by Trompelt and Becker et al 1989 using isoelectric 
focusing, but no studies were done to find the underlying causes of these variations.
The batch to batch variation of crude antigens is a very serious problem affecting all 
investigations dealing with metabolic (and somatic) antigens of Aspergillus fumigatus. In 
order to obtain reliable results in methods such as CIE or ELISA which can be of use in 
clinical diagnosis well defined antigens or antibodies are necessary. It is also not clear if 
the differences in antigen expression between strains (see "1.5.4.5. Strain to strain 
variations of metabolic preparations", p.75) are really caused by the inherent phenotypic 
expression between strains or are due to differences which are develop in the cultures 
during growth. A possible cause of the qualitative and/or quantitative differences of 
antigen production in vitro could be due to the different courses of growth found in 
individual cultures by Kauffinan and de Vries 1980.
Methods such as SDS-PAGE, lEF and two dimensional electrophoresis, in combination 
with blotting procedures, can analyse both protein composition, and corresponding 
immunological reactivity of single protein bands. Using these methods it should be 
possible to obtain further information on the variations that occur between batches, strains 
of Aspergillus fumigatus during growth.
The batch to batch variations are not only of interest for the standardisation of antigens in 
in-vitro systems but as variations could also occur in the antigens produced by the fungi 
growing in vivo which may affect the diagnosis of Aspergillus fumigatus infections by 
serological techniques.
1.5.4.5. Strain to strain variations of metabolic preparations
Early investigation of this problem by Thurston and Richard et al 1973 compared the 
production of metabolic antigens by 10 strains of Aspergillus fumigatus using
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immunodiffusion. Slight differences in the reactivity of different antigen preparations were 
found, but no significant differences were detected. On the other hand, Kurup and Fink 
1978, reported striking variations in the range of antigens from 11 strains of Aspergillus 
fumigatus by CIE. Mishra and Staib et al 1982, also found strain to strain variations in 
antigens produced by strains of Aspergillus fumigatus which had been classified according 
to both cultural and morphological characteristics. Piechura and Huang et al 1983, used 
two dimensional electrophoresis (lEF 1st dimension and SDS-PAGE as 2nd) as a high 
resolution method to examine the culture filtrate antigens of 3 strains of Aspergillus 
fumigatus, variations were again shown between the strains whieh the authors suspected 
was due to proteolysis. Although most workers have demonstrated antigenic variations 
between different strains of Aspergillus fumigatus, Hearn and Moutaouakil et al 1990, 
when studying antigens from 17 strains of Aspergillus fumigatus precipitated with 80% 
ethanol, could only show significant differences in one strain. Ethanol precipitating 
fractions (about 80% final concentration of ethanol) from 2 day old culture filtrates have 
also been examined by SDS-PAGE (Latgé and Moutaouakil et al 1991). The overall SDS- 
PAGE patterns of the reduced proteins from 9 different strains, were found to be similar. 
One component an 18-20 kD antigen was shown by immunoblotting to be produced by all 
strains of Aspergillus fumigatus studied.
In addition to the changes in antigens produced by different strains of Aspergillus 
fumigatus, differences have also been found in enzyme production. The appearance of 
elastase in different strains was examined by Kothary and Chase et al 1984. The production 
and release of elastase by 71 strains o i Aspergillus fumigatus was tested and only 33 out of 
71 strains were found to produce the enzyme. The production of elastase was also shown in 
this report to be linked to the pathogenicity of the fungus in mice but in a recent report
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Tang and Cohen et al 1993, found that there was no link between the pathogenieity of 
strains and their ability to produce elastase.
There is no doubt that different strains of Aspergillus fumigatus release different proteins, 
but when high resolution methods such as SDS-PAGE are used it is evident that the release 
of common metabolic components occurs in most strains. These results however have been 
obtained using ethanol perceptible and water soluble fractions of culture filtrate which 
contain only part of the whole range of components occurring in culture filtrates. Piechura 
and Huang et al 1983 examined a non-dialysable fraction (>10 kD) of culture filtrate by 
two-dimensional electrophoresis and showed that there were large differences in the 
protein composition of the preparations between strains.
The most likely explanation for these variations is that spores derived from a single strain 
of Aspergillus fumigatus show genetic variations which may influence the production and 
release of specific proteins by the mature fungus grown from a single spore. A correlation 
between genotype and antigen production has been shown by Loudon and Bumie et al 
1993 (see "1.8.1. Genetic structures o f Aspergillus fumigatus", p. 124)
1.5.4.6. Time dependence of metabolic preparations o f Asversillus fumisatus
Both the somatic and metabolic antigens of Aspergillus fumigatus have been shown by
many workers to change during discontinuous culture.
Kauffman and de Vries 1980 reported the changes in metabolic antigens observed in a 
culture of Aspergillus fumigatus grown in Sabouraud media. A clear relationship was 
demonstrated between the available glucose levels in the medium and the release of 
antigens by the fungus. The majority of antigens detected in the culture filtrate are likely to 
be a result of hyphal lysis, which occurred after glucose was depleted from the medium 
(Fratamico and Long et al 1991). Initial hyphal growth always caused a marked drop in pH 
of the culture medium due to the release of acidic products during the active growth phase.
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At this stage, the spectrum of antigens released into culture filtrate was narrow. Increasing 
levels of alkaline-proteolytic and acidic-proteolytic activities have been shown by Reichard 
and Biittner et al 1990 occur for up to 10 days of active growth in a complex growth 
medium. The release of enzymes needed for the nutrition of the fungus during this phase is 
responsible for the appearance of proteins in culture filtrates. After glucose depletion from 
the culture which normally occurred at day 10, the pH value of the medium increased due 
to the release of intracellular products due to autolysis.
The metabolic release of antigens from the hyphae into the surrounding media and release 
due to lytic processes are not the only sources of culture filtrate antigens. Latgé and 
Debeaupis et al 1991 demonstrated the release of hyphal wall galactomannan into the 
medium, during the active growth phase.
Direct comparisons between the results obtained by different authors are difficult because 
different culture conditions as listed in Table 2, p.79. The results of various authors are 
shown in Figure 6, p.79.
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Table 2 : Parameters of pH controlled cultures of Aspergillus fumigatus
Author Medium Growth
temperature
Inoculum
Kauffinan and de Vries 1980 Complex 37°C 1 spore / ml
Kim and Chaparas 1978 Synthetic (asparagine containing) 37°C not reported
Kim and Chaparas 1978 Synthetic (Czapek- Dox) 37°C not reported
Harvey and Longbottom 1987b Synthetic 35°C 2 X 10  ^spores /  ml
Kurup and Ramasamy et al 1988 Synthetic 37°C 0.8 X 10  ^spores /ml
Reichard and Biittner et al 1990 Complex not reported not reported
Figure 6 : The changes in culture pH values during the growth of Aspergillus 
fumigatus in liquid culture
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1.5.4.7. Influence of media on metabolic preparations
Another important condition influencing metabolic antigens is the composition of the 
culture medium. Differences in quality and quantity of antigens were found by several 
authors (Kurup and Fink 1978, van der Heide and Kauffman et al 1985) whose results gave 
only a summarising view of the influence of the growth media. With the improvement of 
analytical techniques it is now possible to identify an individual antigen in cultures grown 
in different media. The 18 kD antigen found by Latgé and Moutaouakil et al 1991 was 
isolated from a medium containing 2 % glucose and 1 % peptone. No pH control was done 
during the culture. The authors failed to find the antigen in the same medium when the pH 
was kept constant or if fungus was grown without glucose. The 58 kD antigen identified by 
Fratamico and Buckley 1991 was expressed in a Sabouraud medium under pH control or in 
a 1 % yeast extract medium. In the medium used by Latgé and Moutaouakil et al 1991 this 
antigen appeared as a very distorted band which was not a major antigen. It is therefore 
likely that the choice of medium and the selected growth conditions can be other factors 
that influence the release of different antigens into the culture medium.
1.5.4.8. Summary of crude metabolic preparations
Protein preparations derived from culture filtrate ("metabolic" antigens / proteins ) have 
been found in a range between 14... 150 kD with acidic isoelectric points. The complexity 
of the protein mixtures and their reactions to sera of experimental animals and patients 
have been demonstrated using immunodiffusion and crossed immune electrophoresis 
(CIE). CIE was the first system used which gave a more detailed analysis of the complexity 
of somatic and culture filtrate derived antigens but the use of a serum as probe and the lack 
of relationship with a defined physical property such as molecular weight or charge has 
limited the further use.
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The problems of antigen standardisation were mentioned in chapters "1.5.2. 
Standardisation of crude antigen preparations" p.63 and "1.5.3.3. Batch to batch variation 
of crude somatic preparations", p. 68. Batch to batch variations have also been found in 
metabolic antigens / proteins which is probably linked to the length of culture time and to 
different cultural conditions used. The problem of batch to batch variation overlies the 
problem of the production of different proteins by different strains. The methods that have 
been used so far have only described the variations, the cause remains unidentified. The 
time dependence of growth of Aspergillus fumigatus in vitro has frequently been monitored 
by pH measurement which appears to be a very valuable method to monitor the different 
growth phases of Aspergillus fumigatus which are linked to the production of different 
proteins / antigens. Kobayashi and Debaupuis et al 1993 have shown that the composition 
of the growth medium can influence the pH changes during growth. Growth in synthetic 
media with glucose resulted in a typical initial acidification whereas peptone based media 
without glucose did not show this behaviour.
As mentioned in the discussion of mycelia derived "somatic" components more definite 
results have been obtained using clearly identified and purified components, which are 
summarised in "1.6. Isolated and characterised antigens and proteins", p.93
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1.5.5. Crossreactivities of cyvlAo Aspergillus fumigatus antigens with antigens from 
other fungi
A serious problem associated with diagnostic systems designed to detect Qifhex Aspergillus 
fumigatus antigens or antibodies is the crossreactivity that has been found with other 
common environmental fiingi. In the field of human fungal infection a test system must 
distinguish Aspergillus species from other microorganisms such as the common 
commensal Candidia albicans if a reliable diagnosis is to be made. Cross reactivity 
between the antigens from Aspergillus fumigatus, Fusarium anthophilum, Candidia 
albicans and Cryptococcus neoformans have been reported by Kobayashi and Hayama et al 
1988. In a study by Kauffman and van der Heide et al 1987 50% of a group of patients with 
elevated IgE antibodies against Aspergillus fumigatus showed also elevated IgE levels 
against Botrytis cinerea.
In the diagnosis of Aspergillus fumigatus infections in cattle such as bovine mycotic 
abortion, the problem is more complex as cattle are exposed to a wider range of natural 
microbial antigens in their normal environment. It is therefore of prime importance to 
identify a specific or useful antigen that can be used either to detect antibodies specific for 
the genus Aspergillus or more specially Aspergillus fumigatus. Such antigens could also be 
used for the production of antibodies to detect the presence of specific fungal antigens in 
body fluids which may be a more reliable diagnosis as the presence of antibodies which 
react with antigens from Aspergillus fumigatus may not be abnormal. In the following 
section the crossreactivities of antigens reported in literature are summarised according to 
their origins (somatic, metabolic and cell wall preparations). Antigens which could be 
defined by monoclonal antibodies and/or by isolation and characterisation are summarised 
in "1.6.5. Crossreactivities of purified Aspergillus fumigatus antigens with antigens from 
other fungi", p. 110.
82
1. Introduction and aims
1.5.5.1. Crossreactivities of crude mycelial preparations with antigens from other fungi 
Heam and Mackenzie 1980 compared the antigenic reactivities of cell wall and somatic 
antigens from different species of Aspergillus, against homologous and heterologous rabbit 
antisera, using immunodiffusion techniques. Antisera developed against Aspergillus 
fumigatus antigens, detected all the test antigens from other species, and antigens of 
Aspergillus fumigatus were detected by all antisera raised against the different reference 
species. This reverse relationship however did not occur in every case. Antisera to 
Aspergillus terreus was not reactive with antigens from Aspergillus flavus, but a positive 
reaction was found with antisera raised against antigens of Aspergillus flavus when tested 
with antigens of Aspergillus terreus.
Cell wall antigens from a range of Aspergillus species extracted with the non-ionic 
detergent Triton X-100, were compared against the rabbit antibodies raised against the 
somatic antigens mentioned above. Traces of cross reactions were shown between all cell 
wall antigens of non-Aspergillus fumigatus species and anti-Aspergillus fumigatus 
(somatic) antibodies using double immuno diffusion. These results show that cross reactive 
cell wall epitopes which are immunogenic in rabbits to be present at different levels in the 
cell walls in different Aspergillus species.
A more detailed picture of the cross reactive antigens has been obtained by the use of 
precipitation systems with higher resolution such as CIE. Chaparas and Kim 1988 found 
that the highest number of precipitin arcs in fused line immune electrophoresis occurred 
when homologous systems of antigens and corresponding antibodies were used. Antisera to 
Asp. niger and Asp. flavus when tested against Aspergillus fumigatus antigens gave 29% 
and 32% respectively of the total precipitin arcs found using a homologous Aspergillus
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fumigatus system indicating that both specific and non-specific components were present 
in of both somatic and cell wall antigens.
The protein composition of fi-actions obtained from gel filtration of mycelial preparations 
of Aspergillus fumigatus were analysed by 2D electrophoresis by Piechura and Kurup et al 
1985. The patterns obtained were compared qualitatively for the presence of common 
proteins. The greatest similarities were found between the mycelial preparations of 
Aspergillus fumigatus and Aspergillus fischerii, Aspergillus flavus and Neosartoria 
fennelliae. Less similarity was found between mycelial preparations of Aspergillus niger 
and Aspergillus terreus. Preparations from Pénicillium notattum, Candidia albicans and 
Saccharomyces cerevisiae contained the greatest numbers of proteins that were species 
specific.
It must be kept in mind that these results are only valid for the system used as they would 
be dependent on the composition of the antigen preparation used as immunogen, the 
immune response of rabbits, and the batches and strains of fungi used in the preparation of 
antigens for the test system. The results of these studies are shown in Table 3, p.85 and 
Table 4, p.86.
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Table 3 : Crossreactivities of somatic antigens, with rabbit antisera raised against 
individual somatic antigens from different Aspergillus species tested by 
immunodiffusion according to Hearn and Mackenzie 1980
Test antigen rabbit anti sera against
Asp. Asp. Asp. Asp. Asp.
flavus terreus niger nidulans fumigatus
Asp. fumigatus 2\40 + + + + +
Asp. fumigatus 2\09 + + + + +
Asp. flavus + +/- +
Asp. terreus + + + +/-
Asp. niger + +/- + +/- +
Asp. nidulans +/- + +/-
Legend:
+ = reactivity
+/- = trace reactivity
= no reactivity
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Table 4 : Crossreactivities of cell wall components extracted by Triton X-100, with 
rabbit antisera raised against individual somatic antigens from different Aspergillus 
species according to Hearn and Mackenzie 1980
Test antigen rabbit anti sera against
Asp. Asp. Asp. Asp. Asp.
flavus terreus niger nidulans fumigatus
Asp. fumigatus 2140 + + +/- + +
Asp. fumigatus 2109 + +/- +
Asp. flavus + +
Asp. terreus + + +/-
Asp. niger +/- + +/- +
Asp. nidulans +/- + +/-
Legend:
+ = reactivity
+/- = trace reactivity
= no reactivity
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1.5.5.2. Crossreactivities of crude metabolic preparations with antigens from other fungi 
Longbottom and Pepys 1964, tested sera from patients suffering from Aspergillus 
fumigatus infections against antigens prepared from 2 month old surface cultures of 5 
Aspergillus species by double immunodiffusion. One hundred serum samples containing 
precipitins against Aspergillus fumigatus were then selected and tested against culture 
filtrate antigens from other Aspergillus species. Considerable cross reactivities were found 
(Table 5, p.89). Coleman and Kaufman 1972 compared sera from 74 patients with proven 
aspergilloma, ABPA, and invasive aspergillosis, for reactivity against acetone precipitated 
antigen fractions from 5 week old culture filtrates of different Aspergillus species (Table 6, 
p.90). Cross reactive antigens were detected by antibodies in all the groups of test sera. The 
percentage of cross reactive sera in each group varied with the antigen source, which 
suggested that the antibodies found in patients with different diseases caused by 
Aspergillus fumigatus, are directed against different epitopes.
The Ouchterlony technique was also used by Chaparas and Kim 1988, to compare 
metabolic antigens from Aspergillus fumigatus, Asp. niger and Asp. flavus using sera from 
patients with infections of known Aspergillus species. The highest level of reactivity was 
found when homologous combinations of antibodies and antigens were used. Every group 
of test sera used also contained samples that were cross reactive with antigens of other 
Aspergillus species (Table 7, p.91).
All the limitations mentioned in section ,,1.5.5.1. Crossreactivities of crude mycelial “, 
p.83 are also true for investigations done with metabolic antigens, allowing the following 
conclusions to be drawn:
1. Other Aspergillus species share epitopes with antigens o f Aspergillus fumigatus
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2. The percentage of human antibodies which detect both Aspergillus fumigatus antigens 
as well as antigens from other Aspergilli varied in the different studies, (for example: 
Aspergillus niger: 7% (Longbottom and Pepys 1964) and 54% (Chaparas and Kim 
1988)). In both cases the same test system was used so the differences are likely due to 
the different fungal strains and different patient pools used in the investigations.
3. Homologous test systems showed the strongest reactivities (Chaparas and Kim 1988)
4. Antibodies of different specifities were produced by patients with different clinical 
forms o f Aspergillus fumigatus infection (Coleman and Kaufman 1972, Table 6, p.90).
5. Low levels of crossreactivity have been demonstrated between Aspergillus fumigatus 
antigens and those from pathogenic yeasts and fungi e.g. Candidia albicans. 
Cryptococcus neoformans (Kobyashi and Hayama et al 1988) and Botrytis cinerea 
(Kauffman and van der Heide et al 1987). Nevertheless species from other genera show 
less crossreactivities than Aspergillus species (Piechura and Kurup et al 1985)
More detailed results of crossreactivity have been obtained when isolated or well
characterised antigens were studied. These findings are summarised in section "1.6.5.
Crossreactivities of purified Aspergillus fumigatus antigens with antigens from other
fungi", p. 110.
1. Introduction and aims
Table 5 : Crossreactivities of metabolic antigens of different Aspergillus species, with 
an Aspergillus fumigatus reactive serum pool from Longbottom and Pepys 1964
Antigens of species % positive sera
Asp. fumigatus 100
Asp. nidulans 21
Asp. terreus 32
Asp. niger 7
Asp. flavus 26
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Table 6 : Crossreactivities of acetone precipitated metabolic antigens from 5 
Aspergillus species against patient sera from aspergilloma, ABPA and invasive 
aspergillosis according to Coleman and Kaufman 1972
Antigens of 
species
% positive sera 
to Aspergillus 
fumigatus overall
(100% = 74 sera)
% positive sera 
aspergilloma
% positive sera 
ABPA
% positive sera
invasive
aspergillosis
Aspergillus
fumigatus
100 58 12 30
Asp. niger 16 10 0 7
Asp. flavus 20 11 3 7
Asp. terreus 20 8 1 11
Asp. nidulans 5 0 1 4
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Table 7 : Crossreactivities of metabolic antigens, against sera from patients with 
infections of Aspergillus according to Chaparas and Kaufman et al 1980
Antigens of species % positive sera 
Aspergillus fumigatus 
identified 
(100% =13 sera)
% positive sera 
Aspergillus niger 
identified 
(100% =13 sera)
% positive sera 
Aspergillus flavus 
identified 
(100% = 7 sera)
Aspergillus fumigatus 100 31 14
Asp. niger 54 92 29
Asp. flavus 38 8 86
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1.5.5.3. Crossreactivitv of crude conidial antigens with antigens from other fungi 
In addition to the investigations of the somatic and metabolic antigens from Aspergillus 
fumigatus SDS gel electrophoresis and immunoblotting procedures have been used by 
Puente and Ovejero et al 1991, to investigate the conidial antigens of Aspergillus 
fumigatus. Crossreactivities of these components were determined using anti-X^p. nidulans 
conidial antibodies. Strong bands were selected from the complex patterns obtained in 
stained gels and on blots and compared with patterns obtained from other species. It was 
found that all bands appearing in Aspergillus fumigatus were also found in at least one 
other Aspergillus species from Aspergillus niger, Aspergillus flavus, Aspergillus terreus, 
Aspergillus clavatus and Aspergillus nidulans indicating that conidial antigens of 
Aspergilli share several components. It however cannot be concluded that species specific 
antigens do not occur because the authors examined only a sample selection of all the 
antigens produced by the test fungi. Conidial antigens do not appear to offer any advantage 
over somatic or metabolic antigens in finding eca Aspergillus fumigatus specific antigen.
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1.6. Isolated and characterised antigens and proteins
In section "1.5. Crude antigen preparations of Aspergillus fumigatus", p.61 the large variety 
of proteins and antigens produced by Aspergillus fumigatus was shown. It has not been 
possible to find a simple technique for the preparation of reliable "crude" antigens which 
can be used as a standard for the diagnosis of Aspergillus fumigatus related disease.
To solve this problem it is necessary to detect useful precisely defined antigen and protein 
preparations containing single components which are independent of all the variations 
described in section "1.5. Crude antigen preparations of Aspergillus fumigatus", p.61. In 
the following section the known proteins / antigens of Aspergillus fumigatus and their use 
in diagnosis is examined.
The antigens from Aspergillus fumigatus that have been isolated, characterised and fulfilled 
the following criteria are listed:
1. The component must have been purified to a single band by electrophoresis (SDS- 
PAGE or lEF).
2. If a component has not been isolated, a high resolution method must have been used to 
allow the identification and characterisation of single components.
Recently high resolution methods developed for studies in molecular biology have been 
applied to the separation and characterisation of antigens from of Aspergillus fumigatus 
and in some cases recombinant proteins were produced (Moser and Crameri et al 1992, 
Moser and Menz et al 1994). These methods have resulted in the description of amino acid 
sequences and genetic codes for at least 5 components. Experimental data such as physical 
and biochemical properties, the reactivity to patient sera have been related to an exact 
defined structure of an individual component.
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1.6.1. Isolated and characterised somatic components
A common approach that has been used to prepare reliable antigens has been to purify 
specific components or fractions from hyphal extracts. A broad range of different methods 
has been used such as preparative gel electrophoresis, gel chromatography, ion exchange 
chromatography and affinity chromatography.
In an early work Calvanico and Du Pont et al 1981 prepared a fraction from hyphal extracts 
by gel chromatography that contained a single 33 kD component shown by SDS-PAGE 
which was also found in culture filtrate proteins in a degraded form. Another strategy used 
by Arruda and Platts-Mills et al 1990 combined gel chromatography and affinity 
chromatography to isolate a somatic antigen a molecular weight of about 18 kD, designated 
as Asp fl. Monoclonal antibodies were prepared against this fraction, and used to purify a 
protein by affinity chromatography. This protein was also found to be a major component 
in metabolic preparations (Latgé and Moutaouakil et al 1991). Moser and Crameri et al 
1992, detected a similar protein expressed in Escherichia coli by using a N-probe of Asp fl 
to screen a cDNA library obtained from Aspergillus fumigatus m-RNA. Components with 
similar molecular weights to each other have been found in several studies which are 
summarised in Table 8, p. 95 but no further comparisons have been done. These 
components have been found in preparations from different sources (somatic and 
metabolic) which fits in with the natural route of somatic antigen synthesis and release by 
transport or mycelial death. In the case of Asp fl and the two components (35 kD and 65 
kD) reported by Kurup and Ramasamy et al 1988 they have all been detected in both 
somatic and metabolic reparations.
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Table 8: Isolated and characterised fumigatus derived components with
similar molecular weights
Molecular weight Author
35 kD Taylor and Longbottom et al 1988, metabolic 
Kurup and Ramasamy et al 1988, somatic / metabolic
40 kD Lopez-Medran and Ovejero et al 1995, somatic 
Kurup and John et al 1986, metabolic, lEP 6.5 
Monod and Paris et al 1993, metabolic, lEP 5.5
45 kD Calvanico and Du Pont et al 1981, somatic
Arruda and Platts-Mills et al 1992, somatic, probably cell surface
60 kD Lopez-Medran and Ovejero et al 1995, somatic 
Tomme and van der Werf et al 1995, metabolic
65 kD Kurup and Ramasamy et al 1988, somatic / metabolic 
Kumar and Reddy et al 1993
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1.6.2. Isolated and characterised metabolic components
The isoelectric points reported for the various isolated and characterised metabolic antigens 
were in the weak acidic to alkaline range (6.5 - 8.75, 5 of 16 components, see Table 10, 
p.99). This is surprising because the majority of proteins in crude mixtures were previously 
found in the lEP range between 3 and 6 (see "1.5.4.2. Isoelectric points of crude metabolic 
proteins", p.73). The data on the isoelectric points of purified metabolic antigens is 
however sparse and may not represent the true picture for the total antigens.
A wide range of complex methods based either on selective precipitation by ammonium 
sulphate/ethanol or selection by molecular size by dialysis/ultrafiltration have been used to 
prepare crude concentrated proteins from culture filtrates. As different physical properties 
of proteins are responsible for precipitation and filtration it is not surprising that different 
range of proteins have been found in the crude materials prepared using these techniques. 
Once the crude material has been obtained further purification procedures based on 
preparative isoelectric focusing, gel chromatography and affinity chromatography have 
been used to obtain pure proteins. The final characterisation of individual proteins has 
normally done using SDS-PAGE and immunoblotting.
The molecular weights of metabolic proteins range between 12 kD and 501 kD with most 
frequently reported components at 18 kD, 32/33 kD, 40-43 kD, 60 kD, 65-70 kD and 80 - 
94 kD. It is very likely that the same proteins have been described by different research 
groups but only in very few cases has the identity of proteins been further tested.
The best described protein reported so far is the 18 kD component originally described by 
Arruda and Platts-Mills et al 1990 which was also found in somatic preparations (see 
"1.6.2. Isolated and characterised metabolic components", p.96). This protein was found in 
Aspergillus restrictus and Aspergillus fumigatus and belongs to the ribotoxins. The protein 
sequence is completely known and a recombinant Asp fl was reported by Moser and
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Crameri et al 1992 to show an identical sequence to the mature protein. The Ag03 found by 
Longbottom and Harvey et al 1989 had an identical molecular weight when tested with 
SDS-PAGE.
Alkaline serine protease (ALP) active proteins (32-33 kD) have been described by several 
groups. Frosco and Chase et al 1992 found a similar protein to that reported by Monod and 
Togni et al 1991 but the protein isolated by Reichard and Biittner et al 1990 showed little 
similarity to these isolates. The protein of Monod and Togni et al 1991 has been 
completely sequenced by Jaton-Ogay and Suter et al 1992 (Table 9, p.98).
In the molecular weight range between 40 and 43 kD metalloproteinases were found by 
different groups. Monod and Paris et al 1993 isolated a 40 kD component from the culture 
filtrate of an alkaline protease deficient mutant of Aspergillus fumigatus. A similar protein 
(metalloprotease, 43 kD) has been described by Markaryan and Moronzova et al 1993.
The knowledge of the genomic structure and the amino acid sequences is of course the best 
way to identify and compare different proteins but as this method is very time consuming 
only N-terminal sequences (e.g. 20 N-terminal amino acids of Teshima and Ikebuchi et al 
1993, Table 9, p.98) of isolated components has been determined.
1.6.3. Overview of isolated proteins / antigens of Aspergillus fumigatus
In the following tables known isolated antigens o f Aspergillus fumigatus and their physical 
and biochemical properties are summarised in Table 11, p. 103. Most components have 
been characterised only by molecular weights therefore it is very difficult to judge the 
relationship of different components. The improvement of the knowledge about the 
occurring proteins and their properties is the main aim of further investigations.
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Table 9 : Proteins / antigens of Aspergillus fumigatus with known N-terminal amino 
aeid sequences
Author Protein/
Antigen
N - amino acid sequence
1 2 3 4 5 6 7 8 9 10
Arruda and Mann et al. 1992 Asp fl 
signal*
M V A I K N L F L L
Arruda and Mann et al. 1992 Asp fl 
mature*
A T W T C I N Q Q L
Jaton-Ogay and Suter et al 
1992
ALP
signal
M L S I K R T L L L
Jaton-Ogay and Suter et al 
1992
ALP
propeptide
P V Q E T R R A A Q
Jaton-Ogay and Suter et al 
1992
ALP
mature
A L T T Q K G A P W
Kolattudy and Lee et al 1993 ALP (2) H Q K G A
Kumar and Reddy et al 1993 HSPl
fragment
A Q N R Q T L A K L
Teshima and Ikebuchi et al 
1993
gp55 A T P H E P V F F S
Markaryan and Morozova et 
al 1994
MEP(2) A D Y Q V Y A W G I
* Sequence found in internet database Swiss-prot 
http :// expasy .hcuge. ch/sprot/sprot-top .html
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Table 10 : Physical properties of isolated and characterised proteins / antigens of 
Aspergillus fumigatus
Author Name Source MW Remark lEP Remark CIE
Parry and 
Stewart et al 
1983
metabolic 12 7,1
Kurup and 
Greenberger et 
al 1989
metabolic 14
Kumar and 
Reddy et al 
1993
HSPl
(fragment)
metabolic 14 fragment
of65kD
Hearn and 
Moutaouakil 
et al 1990
metabolic 17
Longbottom
1986a
Ag03 metabolic 18 24 kD gel 
filtration
4,5 Ag3
Arruda and 
Platts-Mills et 
al 1990
Asp G somatic 18
Latgé and 
Moutaouakil 
et ai 1991
Asp fl metabolic 18 7 >7,0
Moser and 
Crameri et al 
1992
Asp fl/a, r metabolic 18 recom­
binant
Kobayashi and 
Miyoshi 1993
metabolic
(commercial)
18
Arruda and 
Mann et al. 
1992
Asp fl metabolic 18 mono­
clonal ab. 
4A6
Kurup and 
John et al 
1986
20 kD metabolic 20 6,5
Kumar and 
Kurup et al 
1993
metabolic 22
Monod and 
Toghi et al 
1991
ALP
degradation
metabolic 24 8,2
Monod and 
Togni et al 
1991
ALP
degradation
metabolic 29 8,2
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Author Name Source MW Remark lEP Remark CIE
Reichard and 
Büttner et al 
1990
ALP metabolic 32 7,9
Frosco and 
Chase et al 
1992
ALP metabolic 32 8,7
Monod and 
Togni et al 
1991
ALP metabolic 33 8,2
Tomee and 
Kauffman et al 
1994
32 kD metabolic 32
Moser and 
Menz et al 
1994
ALP,r metabolic 32 recom­
binant
Tomee and 
van der Werf 
et al 1995
32 kD metabolic 32
Calvanico and 
Du Pont et al 
1981
33 kD metabolic 33
Kolattukudy 
and Lee et al 
1993
ALP
(2)
metabolic 33
Larcher and 
Bouchara et al 
1992
metabolic 33 8,8
Taylor and 
Longbottom et 
al 1988
Ag05 metabolic 35 A g5
Kurup and 
Ramasamy et 
al 1988
somatic,
metabolic
35
Harvey and 
Longbottom 
1986a
Ag07 metabolic 36 A g7
Lopez-Medran 
and Ovejero et 
al 1995
p37 somatic 37
Reichard and 
Eiffert et al. 
1994
PEP metabolic 38 4,2
Kurup and 
John et al 
1986
40 kD metabolic 40 6,5
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Author Name Source MW Remark lEP Remark CIE
Monod and 
Paris et al 
1993
MEP(l) metabolic 40 5,5
Lopez-Medran 
and Ovejero et 
al 1995
p40 somatic 40
Sirakova and 
Markaryan et 
al 1994
MEP(2),r metabolic 42
Markaryan 
and Morozova 
et al 1994
MEP(2) metabolic 43
Calvanico and 
Du Pont et al 
1981
somatic 45 5,4 5.2-5.6
Arruda and 
Platts-Mills et 
al 1992
somatic 45
Teshima and 
Ikebuchi et al 
1993
gp55 somatic 55 average
MW
Fratamico and 
Buckley 1991
somatic 58 < 7
Tomee and 
van der Werf 
et al 1995
60 kD metabolic 60
Lopez-Medran 
and Ovejero et 
al 1995
p60 somatic 60
Kumar and 
Reddy et al 
1993
65 kD metabolic 65
Kurup and 
Ramasamy et 
al 1988
somatic,
metabolic
65
Tomee and 
Kauffman et al 
1994
67 kD metabolic 67
Harvey and 
Longbottom 
1987a
Agl3 metabolic 70 A g l3
(= C 
antigen)
Kurup and 
John et al 
1986
80 kD metabolic 80 6,5
Kobayashi and 
Debeaupuis et 
al 1993
88 kD metabolic 88 5,8 3 com­
ponents, 
5.1-5.9
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Author Name Source MW Remark lEP Remark CIE
Lopez-Medran 
and Ovejero et 
al 1995
p90 somatic 90
Tomee and 
van der Werf 
et al 1995
94 kD metabolic 94
Tomee and 
Kauffman et al 
1994
94 kD metabolic 94
Calvanico and 
Du Pont et al 
1981
123 kD metabolic 123 non
reduced
Harvey and 
Longbottom 
1986a
Ag07 metabolic 175 non
reduced,
average
A g7
Hearn and 
Wilson et al 
1992
F somatic 240 native
Hearn and 
Wilson et al 
1992
SI somatic 420 native
Heam and 
Wilson et al 
1992
S2 somatic 501 native
abbreviations:
MW
Con A
lEP
CIE
molecular weight (by reducing SDS-PAGE if not otherwise indicate) 
Concanavalin A (lectin)
Isoelectric point
Crossed immune electrophoresis (Reference system of Longbottom 
1986a)
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Table 11 ; Biochemical and immunological properties of isolated and characterised 
proteins / antigens of Aspergillus fumigatus
Author Name Source MW Glyco-
sylation
Con A 
binding
Enzym-
activity
IgG-
binding
IgE-
binding
Parry and 
Stewart 
et al 1983
metabolic 12 endo-
glucanase
Kurup 
and 
Green­
berger et 
al 1989
metabolic 14 +
Kumar 
and 
Reddy et 
al 1993
HSPl
(frag)
metabolic 14 +
(ABPA)
+
(ABPA)
Heam 
and 
Mouta­
ouakil et 
al 1990
metabolic 17 protein­
ase
Armda 
and 
Platts- 
Mills et 
al 1990
Asp fl metabolic 18 + +
Latgé and 
Mouta­
ouakil et 
al 1991
Asp fl metabolic 18 +
Moser 
and 
Crameri 
et al 1992
Asp fl/a, 
r
metabolic 18 +
Koba­
yashi and 
Miyoshi 
1993
metabolic
(commer­
cial)
18
(lectins)
+ +
Armda 
and 
Mann et 
al. 1992
Asp fl metabolic 18
Kump 
and John 
et al 1986
20 kD metabolic 20 + + + +
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Author Name Source MW Glyco-
sylation
Con A 
binding
Enzym-
activity
IgG-
binding
IgE-
binding
Kumar 
and 
Kurup et 
al 1993
metabolic 22 elastase
Long­
bottom
1986a
Ag03 metabolic 18 +
Monod 
and 
Toghi et 
al 1991
ALP
(degradat
ion)
metabolic 24
Monod 
and 
Toghi et 
al 1991
ALP
(degradat
ion
metabolic 29
Reichard 
and 
Büttner et 
al 1990
ALP metabolic 32 + +
Frosco 
and 
Chase et 
al 1992
ALP metabolic 32 +
Tomee 
and 
Kauffma 
n et al 
1994
32 kD metabolic 32 +
(more)
+ elastase +
(ABPA;
PA)
Moser 
and Menz 
et al 1994
ALP,r metabolic 32 EC
3.4.1.14
+
Tomee 
and van 
der Werf 
et al 1995
32 kD metabolic 32
Calvanic 
0 and Du 
Pont et al 
1981
33 kD metabolic 33 +
Kolattu­
kudy and 
Lee et al 
1993
ALP(pro
bable)
metabolic 33 serine
protease
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Author Name Source MW Glyco-
sylation
Con A 
binding
Enzym-
activity
IgG-
binding
IgE-
binding
Monod 
and 
Toghi et 
al 1991
ALP metabolic 33
Larcher 
and 
Bouchara 
et al 1992
metabolic 33 serine
protein­
ase
(more)
Taylor 
and 
Long­
bottom et 
al 1988
Ag05 metabolic 35 + + chymo-
tryptic
+
Kurup 
and 
Rama­
samy et 
al 1988
somatic,
metabolic
35
Harvey
and
Long­
bottom
1986a
Ag07 metabolic 36 + + + +
Lopez- 
Medran 
and 
Ovejero 
et al 1995
p37 somatic 37
Reichard 
and 
Eiffert et 
al. 1994
PEP metabolic 38 aspartic
protein­
ase
+
(or other 
Ig)
+
(or other
Ig)
Kurup 
and John 
et al 1986
40 kD metabolic 40 + + + +
Monod 
and Paris 
et al 1993
MEP(l) metabolic 40 + no elastin 
degrada­
tion
+
(Asper-
gilloma)
Lopez- 
Medran 
and 
Ovejero 
et al 1995
p40 somatic 40
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Author Name Source MW Glyco-
sylation
Con A 
binding
Enzym-
activity
IgG-
binding
IgE-
binding
Sirakova 
and 
Markary­
an et al 
1994
MEP(2),r metabolic 42
Markary­
an and 
Morozov 
a et al 
1994
MEP(2) metabolic 43 elastin
degrada­
tion
Calvanic 
oand Du 
Pont et al 
1981
somatic 45 +
Arruda 
and 
Platts- 
Mills et 
al 1992
somatic 45 + +
Teshima 
and 
Ikebuchi 
et al 1993
gp55 somatic 55 +
(more) chymo-
trypsin,
trypsin
+
Fratami­
co and 
Buckley 
1991
somatic 58 + +
Tomee 
and van 
der Werf 
et al 1995
60 kD metabolic 60
Lopez- 
Medran 
and 
Ovejero 
etal 1995
p60 somatic 60
Kumar 
and 
Reddy et 
al 1993
65 kD metabolic 65 +
(ABPA)
+
(ABPA)
Kurup 
and 
Ramasa­
my et al 
1988
somatic,
metabolic
65
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Author Name Source MW Glyco-
sylation
Con A 
binding
Enzym-
activity
IgG-
binding
IgE-
binding
Tomee 
and 
Kauffma 
n et al 
1994
67 kD metabolic 67 +(more) + elastase +
(ABPA)
Harvey
and
Long­
bottom
1987a
Agl3 metabolic 70 +
Kurup 
and John 
et al 1986
80 kD metabolic 80 + + + +
Kobaya­
shi and 
Debeau­
puis et ai 
1993
88 kD metabolic 88 +
Man:Glu:
Gal
(16:10:1)
+
(asper-
giloma)
Lopez- 
Medran 
and 
Ovejero 
et al 1995
p90 somatic 90
Tomee 
and van 
der Werf 
et al 1995
94 kD metabolic 94
Tomee 
and 
Kauff­
man et al 
1994
94 kD metabolic 94 elastase +(PA)
Calvanic 
oand Du 
Pont et al 
1981
metabolic 123
Harvey
and
Long­
bottom
1986a
Ag07 metabolic 175 + + + +
Heam 
and 
Wilson et 
al 1992
F somatic 240 catalase/
peroxi­
dase
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Author Name Source MW Glyco-
sylation
Con A 
binding
Enzym-
activity
IgG-
binding
IgE-
binding
Heam 
and 
Wilson et 
al 1992
SI somatic 420 + catalase
Heam 
and 
Wilson et 
al 1992
S2 somatic 501 + catalase
abbreviations:
MW
ABPA
PA
more
lectins
molecular weight (by reducing SDS-PAGE if not otherwise indicate) 
serum from patients with Allergic bronchopulmonary aspergillosis 
pulmonary aspergillosis 
extended study on the topic 
a set of different lectins was used
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1.6.4. Carbohydrate structures
Carbohydrates have been found in culture filtrate as well as being present in mycelial 
preparations. In an early report Bennett and Bhattacharjee et al 1985 suggested that 
carbohydrate structures should have an important role as antigens.
The importance of galactomannan structures was demonstrated by Debeaupuis and Sarafati 
et al 1990. They were able to detect these components in 43 of 45 strains of Aspergillus 
fumigatus and related taxa.
At least 8 different carbohydrate structures are know to be produced by Aspergillus 
fumigatus. Similarities between structures were reviewed by Latgé and Debeaupius et al 
1991 showing that (1-2) or (1-6) mannose backbones and side chains containing mannose 
and galactose were frequently found. They found a  (l-2)(l-6) mannan backbones in their 
own experiments.
Heran and Wilson et al 1990 failed to inhibit the binding of polyclonal sera prepared 
against a carbohydrate containing Aspergillus fumigatus antigen by pretreatment of the 
antigen with Concanavalin A (a-D-mannosyl / a-D-glucosyl residue specific) or wheat 
germ agglutinin (N- acetyl-P-D-glucosaminyl residue specific). This suggested that a-D- 
mannose, a-D-glucose and N-acetyl-P-D-glucoseamine were not immunodominant sugars 
in their Aspergillus fumigatus carbohydrate / glycoprotein antigen.
A monoclonal antibody detecting (1-5) B-D-galactofuranoside chains has been used in the 
commercial "Pastorex" latex agglutination assay to detect circulating antigens of 
Aspergillus fumigatus in serum of guinea-pig (van Cutsem and Meulemans et al 1990). 
They found 41 of 42 guinea pigs with invasive aspergillosis be positive but false positive 
results were also obtained from animals with Pénicillium marneffl  infections. Of 80
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normals 3 were detected false positive. It is likely that the test will detect any Aspergillus 
infection regardless to the causing species. This topic was not investigated.
A detailed study of the structures and immunological recitatives of carbohydrates derived 
from Aspergillus fumigatus was published by Latgé and Kobayashi et al 1994. They 
analysed the carbohydrate structures found in an ethanol precipitate of culture filtrate 
proteins and detected carbohydrates consisting of a backbone of a  (1-2) mannosetetrose 
units linked via a  (1-6) binding and side chains consisting of 4 to 5 galactofuranose units. 
The side chains comprised the immunodominat regions of the molecule and in ELISA 
experiments IgG antibodies against the carbohydrate were found in 26% of aspergilloma 
patient sera. Glycosyl chains of this type appear to be common to a wide range of culture 
filtrate glycoproteins from Aspergillus species. Because of this a higher degree of 
crossreactivities was found (Table 13, p. 114, exopolysaccharide of Debeaupuis and 
Sarafati et al 1990)
1.6.5. Crossreactivities of Aspergillus fumigatus antigens with antigens from
other fungi
Knowledge of the structure and release of a single protein / antigen will enable a more 
accurate prediction of the possible crossreactivities between this component and other 
antigens to be made. The study of immunological reactivities of single components can 
give data about the distribution of specific epitopes on different antigens. To obtain this 
information it is possible to study the appearance of single components in different protein 
/ antigen preparations of Aspergillus fumigatus and other relevant species or to search 
directly for an Aspergillus fumigatus -specific epitope using monoclonal antibodies.
In Table 12, p. 113 the appearance of single antigens in different species is listed 
independent of the source of the antigen (somatic, metabolic).
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Arruda and Platts-Mills et al 1990, isolated an 18 kD IgE binding protein from Aspergillus 
fumigatus, designated as Asp fl whose sequence showed 95% homology with mitogillin 
produced by Asp. restrictus, but it was absent in several other species as listed in Table 12, 
p.113.
Fratamico and Buckley 1991 isolated a 58 kD somatic antigen, which cross reacted with 
sera from humans infected with Aspergillus flavus.
Kumar and Kurup et al 1993 isolated monoclonal antibodies that reacted against a culture 
filtrate derived 22 kD antigen which was not present in the culture filtrate of Aspergillus 
niger and Aspergillus flavus.
Monoclonal antibodies have also been used for the detection of extracellular carbohydrates. 
Debeaupuis and Sarafati et al 1990, demonstrated an immunodominant exopolysaccharide 
in Aspergillus fumigatus cultures which was also detected in cultures of Aspergillus flavus, 
Aspergillus nidulans and Aspergillus niger. They deduced that carbohydrates are less 
effective for the separation of species than protein components due to their higher 
crossreactivities.
The crossreactivity between Aspergillus fumigatus and Candida albicans was investigated 
by Ste-Marie and Senechal et al 1990 using two monoclonal antibodies MAb 1 and MAb 
40. MAb 1 was found to detect Aspergillus fumigatus antigens of molecular weights 80, 62 
and 49 kD and showed no cross reactivity with Candida cell wall mannans. In contrast to 
MAbl MAb40 detected mannan or galactomannan structures from both Aspergillus 
fumigatus and Candida albicans
Although some information is available crossreactivities of Aspergillus fumigatus antigens 
the knowledge is incomplete. The main Aspergilli that have been implicated in bovine 
mycotic abortion have not been studied in this respect.
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The main fungal species studied for crossreactivity have been Aspergillus fumigatus and 
Aspergillus flavus where 7 antigens have been investigated of which two showed 
crossreactivity (Fratamico and Buckley 1991,58 kD somatic, Kolattukudy and Lee et al 
1993, 33 kD protease). In Table 13, p .ll4  14 monoclonal antibodies against various 
antigens of Aspergillus fumigatus were tested with antigens of heterologous species. 7 of 
them were tested against antigens of Aspergillus flavus and only 2 showed crossreactivity. 
The crossreactive antigens were 29 kD antigen of Kumar and Kurup 1993 and the 
exopolysaccharide of Debeaupuis and Sarafati et al 1990.
Two antigens from Aspergillus fumigatus were tested for crossreactivity with Aspergillus 
niger antigens and no positive result was obtained. 7 of 14 monoclonal antibodies directed 
against various antigens of Aspergillus fumigatus were tested with antigens of heterologous 
species and 3 of them showed crossreactivity.
Both Aspergillus flavus and Aspergillus niger were found to be crossreactive with 
Aspergillus fumigatus in the experiments using crude preparations (see "1.5.5. 
Crossreactivities of crude Aspergillus fumigatus antigens with antigens from other fungi",
p.82).
No crossreactive antigen has so far been identified from Aspergillus nidulans which is not 
unexpected as in the studies using crude antigens Aspergillus nidulans is less crossreactive 
than Aspergillus flavus or Aspergillus niger. Only the monoclonal antibody EB-A2 against 
Aspergillus fumigatus derived exopolysaccharide of Debeaupuis and Sarafati et al 1990, 
was found to be crossreactive.
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Table 12 : Crossreactivities of individual antigens isolated / characterised from 
Aspergillus fumigatus
Species * Author 1 2 3 4 5 6 7 8
Aspergillus brevipes -
Aspergillus duricaulis -
Aspergillus flavus - - + - + - -
Aspergillus glaucus -
Aspergillus nidulans - - -
Aspergillus niger - -
Aspergillus ochraceus +
Aspergillus oryzae -
Aspergillus restrictus +
Aspergillus syndowi -
Aspergillus terreus -
Aspergillus unilateralis -
Aspergillus versicolor -
Aspergillus viridi-nutans -
Neosatorya aurata -
Neosatorya aureola +
Neosatorya fennelliae -
Neosatorya fisherii +
Neosatorya quadricincta -
Neosatorya straemenia +
Alternaria spec -
Trichophyton spec -
Candidia albicans +
Cocoides immitis +
Cryptococcus neoformans +
+ = crossreactivity
* = frequently more than one strain was tested
= no crossreactivity
Legend:
1 = Heam and Moutaouakil et al 1990,
2 = Armda and Platts-Mills et al 1990,
3 = Fratamico and Buckley 1991,
4 = Kumar and Kump et al 1993,
5 = Heam and Wilson et al 1990,
6 = Kolattukudy and Lee et al 1993,
7 = Sirakova and Markaryan etal 1994,
8 = Kobayashi and Debeaupuis et al 1993,
16-18 kD metabolic 
18 kD metabolic 
58 kD somatic 
22 kD metabolic 
15/20 kD cell wall 
33 kD protease 
42 kD MEP (2)
88 kD
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Table 13 : The crossreactivities of monoclonal antibodies directed against antigens 
from Aspergillus fumigatus
Species Author 1 2 3 4 5 6 7 8 9 10 11 12 13 14
Achlya ambisexualis +
Aspergillus brevipes +
Aspergillus duricaulis +/- **
Aspergillus flavus - - + - - - + ***
Aspergillus nidulans -f ***
Aspergillus niger + + - - - - + ***
Aspergillus unilateralis +
Aspergillus viridi-nutans +
Candida infection -
Candidia albicans, 55 kD + -
Candidia albicans, HSP 90 +
Candidia albicans, mannan - +
Cryptococcus infection -
human neutrophil elastase -
Neosatorya aurata +
Neosatorya aureola +
Neosatorya fennelliae +
Neosatorya fisheri +
Neosatorya quadricincta +
Neosatorya spathulata -
Neosatorya straemenia +
Pénicillium manneffl infection +
porcine pancreatic elastase -
Pseudomas elastase -
Trichophyton infection -
+ = crossreactivity = no crossreactivity
** = only two strains, contradictory results
*** unpublished results
Legend to Table 13, p.l 14: 
Author monoclonal antibodies 
directed against:
1 = Bumie and Matthews 1991, mab. 88,84,51,40 kD
2 = Ste-Marie and Senechal et al 1990, mab 1, 80,62,49 kD
3 - Ste-Marie and Senechal et al 1990, mab 40 galactomannan
4 = Fratamico and Long et al 1991, 3 mab. 58 kD, cell wall
5 = Fratamico and Long et al 1991, 5 mab. 58 kD, cell wall
6 = Kumar and Kurup 1993, Asp Dl, 29 kD
7 = Kumar and Kurup 1993, Asp C9, 29 kD
8 = Kumar and Kurup 1993, Asp HIO, 29 kD
9 = Kumar and Kurup 1993, Asp ILB8, 22 kD
10 = Kumar and Kurup 1993, Asp C1E6, 29 kD
11 = Kumar and Kurup 1993, Asp C2B1, 25-29 kD
12 = Frosco and Fahed et al 1992, 7 mab. elastase
13 Van Cutsem and Meulemans et al 1990, mab ( 1 -5)13-D-Galacto-furanoside 
side chain
14 = Debeaupuis and Sarafati et al 1990, EB-A2, exopolysaccharide.
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1.1, Aspergillus fumigatus infections and diagnosis
In the earlier sections the characteristics and immunological reactivities of the broad 
variety of different proteins and antigens isolated from Aspergillus fumigatus have been 
reviewed. In this chapter the immunological responses of animals and humans to infections 
of Aspergillus fumigatus are reviewed and the possibility of using an immunological test 
for diagnosis is discussed.
1.7.1. Antibodies VLgnm&i Aspergillus fumigatus antigens in humans
As mentioned in "1.2. Diseases in man", p.39 five different diseases are recognised in 
human which are characterised by different immunological reactions.
Allergic forms of Aspergillosis (Respiratory allergy and Extrinsic allergic alveolitis) can be 
distinguished from saprophytic forms (Aspergilloma) by an increased level of serum IgE 
antibodies to the fungus in the allergic form. A very serious disease called allergic 
bronchopulmonary aspergillosis (ABPA) is due to combination of both an allergic response 
and a response to saprophytic growth. Invasive Aspergillosis is found nearly exclusively in 
immune compromised patients and can be characterised by a spread out of the fungus in 
the tissue (especially the lung) with low anti Aspergillus fumigatus specific antibody titers. 
In ABPA elevated serum total IgE levels were observed by Mroueh and Spock 1994, 
Greenberger 1994 and Vaughan 1993 as well as elevated serum IgE and IgG antibodies to 
Aspergillus fumigatus (Vaughan 1993). At least 17 isolated and/or characterised IgE 
binding components have been reported to be produced by Aspergillus fumigatus (see 
Table 10, p.99 and Table 11, p. 103) of which only two solely bind to this isotype (gp55, 
Teshima and Ikebuchi et al 1993 and A gi3 Harvey and Longbottom et al 1987a). Two IgG 
binding components which do not to bind IgE have also been detected (Ag05, Taylor and 
Longbottom et al 1988; recombinant ALP, Moser and Menz et al 1994). These antigens /
115
1. Introduction and aims
allergens have an obvious potential use for diagnosis but to date little evaluation has been 
done.
Calvanico and Du Pont et al 1981 used a 33 kD component from Aspergillus fumigatus for 
diagnosis of ABPA. The component reacted in immunodiffusion in 24 out of 32 sera from 
aspergilloma and ABPA.
Kurup and John et al 1986 tested a fraction with an isoelectric point of pH 6.5 containing 
three proteins (20, 40 and 60 kD) isolated by isoelectric focusing of the metabolic proteins 
of Aspergillus fumigatus. Increased levels of both IgG and IgE antibodies reacting with the 
antigens were found in ABPA using a biotin-avidin linked immunosorbent assay 
Several antigens / allergens have been detected by Longbottom and Harvey using a pool of 
ABPA patient sera as a probe in cross immune electrophoresis (CIE). Antigens defined as 
Ag 3, Ag 7 and Ag 13 were demonstrated to be major antigens / allergens in ABPA 
(Longbottom 1986a,b; Harvey and Longbottom 1987a). Ag 7 (36 kD) was tested in an 
indirect ELISA system (Harvey and Longbottom 1986a) and 97 % of test ABPA sera 
contained elevated IgGl and IgG4 levels to the antigen.
A 14 kD antigen which bound IgG antibodies was identified using ABPA serum by Kurup 
and Greenberger et al 1989. Serum from patients with Aspergilloma did not react with this 
antigen.
Tomee and Kauffman et al 1994 isolated a 32 kD glycoprotein which showed reactivity to 
IgG antibodies in the sera of both ABPA and Aspergilloma patients. Another component 
(94 kD) detected in the same investigation was found to react with antibodies from 
Aspergilloma whereas a 67 kD component was found to react with antibodies from ABPA. 
From these results it can be concluded that only defined pure components can give reliable 
results in diagnosis of ABPA. Various antigens show reactions to both IgG and IgE or only
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react with one of these immunoglobuline isotypes. As ABPA is characterised by elevated 
levels of serum IgG and IgE antibodies that react against a range of antigens of Aspergillus 
fumigatus point to these antigens as having a greater potential in diagnosis. Some antigens 
for example 94 kD and 67 kD antigens of Tomee and Kauffinan et al 1994 have been 
useful for the differential diagnosis of ABPA and Aspergilloma. If crude antigen mixtures 
whose precise composition is unknown are used the chances of an incorrect diagnosis will 
increase. On the other hand an ELISA test using several defined antigens / allergens with 
well known properties could improve the security of diagnosis.
In aspergilloma the main immune response is based on antibodies of IgG isotype. In the 
table of isolated and / or characterised proteins / antigens (Table 10, p.99) three antigen 
preparations have been found that did not react with sera from Aspergilloma patients, these 
were ALP, r (Moser and Menz et al 1994), IgE binding low molecular (14 kD) weight 
component (Kurup and Greenberger et al 1989) and the 67 kD glycoprotein of Tomee and 
Kauffman et al 1994.
Only low levels of 70 kD Ag 13 binding antibodies were found in 2 of 5 aspergilloma sera 
by Harvey and Longbottom 1987a.
Elevated antibody titers however have been reported to a range of antigens as follows: 20, 
40 and 60 kD antigens of Kurup and John et al 1986, 35 kD Ag 5 (Longbottom and Harvey 
et al 1989), 40 kD metalloprotease MEP (1) (Monod and Paris et al 1993), 88 kD antigen 
(Kobayashi and Debeaupuis et al 1993), 32 kD serine protease and 94 kD antigen of 
Tomee and Kauffman et al 1994. The use of these different components for diagnosis 
however requires further investigation as only small numbers of patients have been 
screened for antibodies that react against these antigens.
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The 18 kD antigen purified by Latgé and Moutaouakil et al 1991 when tested in an indirect 
ELISA reacted with 43 of 54 Aspergilloma sera (79%) and none of 27 controls which were 
used gave reactions above the cut off level of 0.3 OD.
The occurrence of IgG antibodies that react with various antigens has been found to vary 
with course of aspergilloma which must be taken into account when devising a diagnostic 
system (Tomee and van der Werf et al 1994).
Invasive aspergillosis is rarely found in immuncompetent patients (Yu and Muder et al 
1986, Smith and Derks et al 1984) so antibody detection as an aid to diagnose invasive 
aspergillosis is an unlikely method of choice however some authors have reported the 
usefulness of antibody detecting systems in diagnosis. Trull and Parker et al 1985 reported 
that 16 of 19 patients after transplantation with proven invasive aspergillosis had elevated 
antibody levels. The degree of immunsuppression in these patients was not reported
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1.7.2. Detection of the antigens oi Aspergillus fumigatus in human serum and urine
An alternative approach to the detection of specific antibodies for the diagnosis of 
Aspergillus fumigatus infections is to detect soluble antigens released by the fungus into 
body fluids. The high level of crossreactivity shown by natural antibodies in human and 
animal sera to a range of fungal antigens, may make a specific diagnosis of infection 
difficult. In addition, the increasing occurrence of Aspergillus fumigatus infections in 
immunsuppressed patients would suggest that the detection of circulating antigen may be a 
better diagnostic possibility in these individuals.
In an early investigation Weiner and Talbot et al 1983 used a radiolabeled gel filtration 
fraction (150-180 kD) derived from hyphal ("somatic and cell wall") breakdown products 
to detect antigens in sera by inhibition radio immuno assay (RIA). The sensitivity was 71% 
(7 patients) and specificity was 100% (40 normal controls) but cross reactivity to Asp. 
flavus infections were detected. The same system was used in broad study testing 616 sera 
(Talbot and Weiner et al 1987). The sensitivity was found to 74% and 90% specificity was 
reported.
A crude, carbohydrate rich antigen was detected by Sabetta and Miniter et al 1985 in 11 of 
19 patients with invasive aspergillosis (sensitivity 58%) and in none of 42 controls 
(specificity 100%).
Wilson and Heam et al 1987 used a inhibition ELISA to detect antigen in serum with a 
cmde concanavalin A binding fraction of somatic antigens as the competing antigen. They 
suggested that multiple samples should be tested for reliable diagnosis to be made. A 
concentration above 100 n g / ml antigen was of diagnostic value.
All the tests to detect free antigen mentioned above used a dissociation step based on 
heating the sample and changing the pH value to strong acid to liberate antigens from
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antibody / antigen complexes which would be unreliable as Bennett 1987 found that some 
antigens were heatlabile. Therefore it is likely that sensitive epitopes on the antigens were 
destroyed in these systems.
Bumie 1991 however used untreated sera when testing for antigen by reversed latex 
agglutination assay. The sensitivity of the assay was low at 29.4 % but the specificity was 
high at 96.3% (1000 control sera). A parallel dot blot assay showed a sensitivity of 33.3% 
and a specificity of 98.6 % (595 control sera). These data were derived from samples of 78 
proven or suspected cases of invasive Aspergillosis. The low sensitivity could be result of 
the formation of immunocomplexes which inhibit the binding of test antibodies.
The lack of sensitivity of current tests for antigenaemia has confirmed by Lortholary and 
Meyohas et al 1993 and Saugier-Veber and Devergie et al 1993 who identified antigen 
detection rates between 25% (16 cases) and 5% (18 cases) in confirmed cases of invasive 
aspergillosis.
All the test systems rely on cmde or only partially purified antigens to produce antibodies 
needed for antigen detection. Because of the variability of Aspergillus fumigatus antigens 
the binding properties of the antibody probes could not be exactly defined. It is therefore 
impossible to find out the reasons for the different specificities reported because the bound 
antigens were unknown.
Both carbohydrate and protein antigens have been detected in the body fluids of man and 
test animals during active Aspergillus fumigatus infections (Latgé and Debeaupuis et al 
1991). The detecting of circulating carbohydrates with a monoclonal antibody is the basis 
of the first commercial test system ("Pastorex" latex agglutination test). In experimental 
invasive aspergillosis in guinea-pigs a sensitivity of 97.6% (42 animals) and specificity of 
96.2 % (80 animals) was found by Van Cutsem and Meulemans et al 1990. This high level 
of detection was not found when Hopwood and Johnson et al 1995 used the test on 8
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human patients a specificity of 50 % was found even after multiple samples from the same 
patient were tested. The specificity however was in the same range as in animal model 
(94%, 83 patients).
Galactomannan antigens from Aspergillus fumigatus in the range >45 kD and at 21 kD 
have also been found in the urine of invasive aspergilloma patients (Haynes and Latgé et al 
1990) using a monoclonal antibody directed to galactomannan (EBAl).
The carbohydrate antigens that have so far been detected in body fluids have unfortunately 
shown cross reactivity with other fungal antigens which may limit the use of these for a 
species specific diagnosis (Debeaupuis and Sarafati et al 1990).
Another potential problem that has been identified is that the site of infection can 
determine the appearance of Aspergillus fumigatus antigens in the urine of rats (Yu and 
Niki et al 1990). After infection by an intravenous injection of conidia from Aspergillus 
fumigatus antigens were detected after 24 h where as antigens were only detected after 4 
days when conidia were given by the intratracheal route.
The 18 kD antigen Asp fl (Arruda and Platts-Mills et al 1990) is so far the only isolated 
and characterised protein component which was found in sera of aspergilloma patients as 
well as in urine of patients with invasive aspergillosis (Latgé and Moutaouakil et al 1991). 
Less work has been done up to now to detect the isolated and well defined components in 
serum and urine. The detection of single components could reduce problems caused by 
crossreactivities and could help to solve the problem of low specifities as different 
components may behave different in the body of the infected organism.
The detection limit is a very critical point in the detection of antigens in Aspergillus 
fumigatus related diseases. The antigen released by the fungus is diluted in the whole blood 
volume and it is very likely that mechanisms as enzymatic degradation, complex formation 
with antibodies and clearance by the liver and kidney (Bennett and Friedman et al 1987)
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shown for carbohydrate structures reduce the available amount of diagnostically important 
components. The levels of antigens detected in the serum of rabbits ranges from 11 pg/ml -
0.35 pg/ml (Weiner and Coats-Stephen 1979, De Repentigny and Boushira et al 1987) 
which is well within the limits of detection of the antigen trapping ELISA and Western 
blotting systems that are used to detect these antigens. Yu and Niki et al 1990 have 
reported that lower limits of detection are possible using SDS electrophoresis and Western 
blotting systems at 0.1 pg/ml antigen and for ELISA the lower detection limit should be in 
the range 1 - 1 0  pg/ml. Sabetta and Miniter et al 1985 were able to detect 10 ng of crude 
Aspergillus carbohydrate antigen/ml. Bumie 1991 found 10 pg/ml in reversed latex 
agglutination assay and 1 pg/ml using Dot-blot systems. Dupont and Huber et al reported 
1-83 ng/ml (Galactomannan of Bennett and Bhattacharjee et al 1985).
The differences between the sensitivities of tests indicate problems in antigen detection. 
One problem is that most test detect groups of antigens / proteins of Aspergillus fumigatus. 
The composition of those mixtures can vary and can cause false results. On the other hand 
little is known about the available antigen / proteins concentrations in the blood or urine 
and about the mechanisms influencing this level (enzymatic degradation, immune complex 
formation, liver clearance). An antigen level is of course also dependent of the rate of 
antigen release by the fungus (constant release during growth or instantaneous because of 
cell death and lysis), further more all these parameters could be different for each 
Aspergillus fumigatus antigen / protein or epitope.
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1.7.3. Antibodies and antigens for the diagnosis oi Aspergillus fumigatus infections in 
cattle
Very little information is available about the importance of single Aspergillus fumigatus 
derived components in Aspergillus fumigatus infections in cattle. The use of crude antigen 
preparations as a detector or to produce antibodies has lead to similar problems as found in 
diagnosis of human diseases.
As discussed in "1.3. Bovine mycotic abortion", p.43 the detection of precipitating 
antibodies directed against crude culture filtrate antigens is not a reliable tool in diagnosis, 
but the use of crossed immunoelectrophoresis (CIE) has enabled a more selective 
differentiation between aspergillosis and zygomycosis in cattle (Jensen 1993).
One obvious possibility is to check the reactivities of monoclonal antigens by 
immunoblotting. High resolution SDS-PAGE / Blotting was used by Jensen and Latgé 
1995 who found numerous somatic and extracellular antigens that were reactive with sera 
of normal control cows confirming the presence of a background of Aspergillus fumigatus 
binding antibodies which are not related with an infection. Nevertheless they were able to 
identify 22 and 32 kD extracellular and 19, 20 and 39 kD somatic antigens which appeared 
to be useful in identifying Aspergillus fumigatus infections.
As in human infections some attempts have been made to detect Aspergillus fumigatus 
derived proteins / antigens directly in serum or urine. At the moment only two reports on 
the occurrence are available. Jensen and Stynen et al 1993 investigated to the 20 kD 
galactomannan antigen described by Latgé and Debeaupuis 1991 and the 18 kD described 
by Latgé and Moutaouakil et al 1991. Galactomannan was found in high levels in sera of 
calves with Aspergillus fumigatus infections (sensitivity 67%, 6 calves) and in none of the 
20 cows with placental aspergillosis. Galactomannan was further detected in the urine of
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24 of 40 normal cattle. The detection of galactomannan antigen is therefore not suitable for 
the diagnosis of Aspergillus fumigatus infections in cattle. No results have been published 
on the occurrence of 18 kD antigen in serum or urine of cattle with mycotic abortions.
The concentrations and time dependant release of the 18 kD antigen in serum was also 
determined by Jensen and Latgé 1995 who found low and fluctuating levels in one cow 
with experimental placental aspergillosis. This shows that Aspergillus fumigatus proteins 
can be detected in serum but the diagnostic values of different components have not been 
proven so far.
At present no characteristic Aspergillus fumigatus derived component has been identified 
which is useful for a selective diagnosis of Aspergillus fumigatus infections.
1.8. Non immunologic possibilities of diagnosis oi Aspergillus fumigatus infections
In previous sections the possibilities of an immunological diagnosis of Aspergillus 
fumigatus related diseases have been reviewed. The use of molecular biological techniques 
which investigate the genetic background of the protein / antigen production of Aspergillus 
fumigatus may also be useful used as an alternative to the immunologic test principle.
1.8.1. Genetic structures of Aspergillus fumigatus
Genetic variation is a likely basis for the different antigenic compositions reported from the 
metabolic and somatic antigens. In order to identify genetically different strains of 
Aspergillus fumigatus Denning and Clemons et al 1990 used restriction fragment length 
polymorphism (RFLP) on DNA extracted from the hyphae. This method enabled 31 strains 
to be separated into 24 groups on the RFLP patterns. Spreadbury and Bainbridge et al 1990 
probed the digested genomes from 11 strains of Aspergillus fumigatus with a non­
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transcribed spacer region of the rRNA gene complex from Aspergillus nidulans, which 
identified 3 distinct genetic patterns. No differences however were found between the 
strains when a probe encoding a rRNA complex from Saccharomyces cerevisiae was used 
but the patterns shown by Aspergillus fumigatus DNA were still different from those 
obtained with DNA's from Aspergillus nidulans, Aspergillus niger and Aspergillus flavus. 
It can therefore be concluded, that species specific as well as strain specific genetic 
sequences occur in the genome of Aspergillus fumigatus. The problem that still remains 
unanswered is are the differences in genetic type related to different antigen expression. 
Bumie and Coke et al 1992 tried to solve this problem of correlation between RFPL 
patterns and the expression of somatic antigens by analysis with SDS - PAGE and SDS- 
Blotting (Brunie and Matthews et al 1989). No exact correlation was obtained between 
separated proteins, immunoblots and RFLP patterns but some relationships were found in 
the typing systems. A combination of these systems may allow the genetic structure as well 
as the protein synthesis of Aspergillus fumigatus strain to be characterised.
1.8.2. Diagnosis by detecting fungal DNA
Recently studies have been done to detect fungal DNA using the polymerase chain reaction 
to amplify DNA breakdown products in patients with invasive aspergillosis (Tang and 
Holden et al 1993). Primer pairs derived from antigens or common fungal structures with 
known sequences have been used as these show very low crossreactivities with other DNA 
fragments (Reddy and Kumar et al 1993; Makimura and Murayama et al 1994). Early 
results are very encouraging but broad clinical studies have yet to be done. The findings 
published to date are summarised in Table 14, p. 126.
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Table 14 : DNA detection by PCR in invasive aspergillosis
Tang and Holden et 
al 1993
Reddy and Kumar et 
al 1993
Spreadbury and 
Holden et al 1993
Makimura and 
Murayama et al 1994
organism Aspergillus fumigatus Aspergillus
fumigatus',
Aspergillus
restrictus
Aspergillus.
giganteus
Aspergillus fumigatus Aspergillus 
fumigatus'. 
Pénicillium notatum
Protein/ Antigen alkaline protease 
(ALP)
Asp fl;
Mitogillin 
restrictocin, alpha- 
sarcin
26S intergenic spacer 
region of rDNA
IBS ribosomal RNA 
gene
obtained DNA 
product, length
747 bp 315 bp 401 bp 385 bp
minimal 
detection level, 
detection method
5 pg Ethidium 
bromide
0.5 pg Southern blot
20 pg Ethidium 
bromide
0.6 pg Southern blot
1 pg Ethidium 
bromide
0.1 pg Southern blot
1 pg Ethidium 
bromide
Diseases
(Sensitivity,
Specificity)
invasive pulmonary 
aspergillosis 
Sensitivity 100% (4 
cases)
Specificity 94,4% (18 
cases)
invasive
Aspergillosis, urine 
2 of 13 suspected 
positive
animal model mice, 
lung homogenates
aspergilloma, sputum
Cross-reactivity Aspergillus flavus Pénicillium sp. 
Aspergillus sp.
No
crossreactivity
human,
Aspergillus flavus, 
Aspergillus, niger, 
Aspergillus, fischeri. 
Pénicillium sp.; 
Candidia albicans', 
Pneumocystis carinii
human,
Aspergillus, flavus, 
Aspergillus niger 
Aspergillus nidulans
human,
calf,
Escherichia coli, 
MRSA,
32 strains of 14 
species of yeastlike 
fungi, Candidia 
albicans, 
Saccharomyces 
cerevisiae. 
Cryptococcus 
neoformans, Mucor 
sp, Pneumocystis 
carinii
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1.9. Aims of the investigation
The ultimate aim of this project is to develop an immunological test system for Aspergillus 
fumigatus-mÎQciions in cattle. It is obvious from published work that the range of 
components from Aspergillus fumigatus which can potentially act as antigens and/or 
allergens is vast, and a component must be found which enables the reliable detection of 
specific antibodies. In an attempt to fulfil the overall aim of the investigation the following 
approach is to be taken:
1. A high resolution analytical system will be established to identify single protein 
components in fungal culture filtrates
2. The release of antigens by Aspergillus fumigatus during culture will be studied to find 
out the influence of growth and time on the protein/antigen composition.
3. Polyclonal rabbit antisera prepared against Aspergillus fumigatus and other 
microorganisms will be used to probe antigen preparations for the presence of genus and 
species specific antigens.
4. Methods will be developed to isolate and characterise important protein / antigen 
components
5. Once specific components are identified - their value in diagnosis will be determined by 
using the antigens to screen normal and infected cow sera with confirmed mycotic 
abortion for characteristic anti-Aspergillus fumigatus antibodies.
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2. MATERIALS AND METHODS
2.1. Fungi
2.1.1. Sources
The fungal cultures were obtained from the Belgian Coordinated Collections of 
Microorganisms (BCCM), Brussels and from the culture collection of North East Surrey 
College of Technology (NESCOT). The cultures were stored as spore suspensions in 
glycerol at -20°C and/or as slope cultures on Sabouraud (SAB) agar at 4°C. These cultures 
were included in the culture collection at the Fachhochschule fur Technik (FHT), 
Mannheim.
Table 15 : Origin and identification of fungal cultures
Species FHT number Origin
Absidia corinttera FHT 40 NESCOT; Mycotic abortion
Absidia ramosa FHT 41 NESCOT; Mycotic abortion
Absidia species FHT 42 NESCOT; V73/9; Mycotic abortion
Aspergillus clavatus FHT 45 NESCOT; Mycotic abortion
Aspergillus fischeri FHT 46 NESCOT; Mycotic abortion
Aspergillus flavus FHT 47 NESCOT; Mycotic abortion
Aspergillus fumigatus FHT 48 NESCOT; Mycotic abortion
Aspergillus fumigatus FHT 82 BCCM; THEM 3723; Hawk lung
Aspergillus fumigatus FHT 83 BCCM; IHEM 3770; Hawk lung
Aspergillus fumigatus FHT 84 BCCM; IHEM 3771; Redstart buzzard lung
Aspergillus fumigatus FHT 85 BCCM; IHEM 3772; Pigeon lung
Aspergillus fumigatus FHT 93 BCCM; IHEM 3769; Hawk lung
Aspergillus nidulans FHT 49 NESCOT; Mycotic abortion
Aspergillus niger FHT 50 NESCOT; Mycotic abortion;
Aspergillus terreus FHT 52 NESCOT; Mycotic abortion
Mucor species FHT 43 NESCOT; V70/173 Mycotic abortion;
Rhizopus microporus FHT 44 NESCOT; Mycotic abortion
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2.1.2. Media
Sabouraud (SAB) agar media was used to obtain conidia or mycelia for the inoculation of 
liquid cultures. Liquid cultures were grown in completely synthetic Czapek-Dox (CD) 
media or in peptone-containing medium which has a similar composition to cow serum. 
All liquid fungal cultures were checked for contamination after 3 weeks by plating them on 
to SAB and neutral meat peptone (MP) agar. The compositions of the different growth 
media are given in section „7.1. Media", p.420.
2.1.3. Cultivation of fungi
To compare different batches, strains and species filtrates of 4 week old shake cultures 
were used. The fungi were grown in 300 ml flasks containing 90 ml of CD medium, with 
an inocculum density of 1 conidium / ml. All cultures were grown at 37 °C, and agitated at 
125 rpm. For each fungus 10 flasks of CD media were inoculated, and the resulting culture 
filtrates were pooled to minimise error caused by individual variations. Samples were taken 
from shake and fermenter cultures to monitor of changes during cultivation. All shake 
cultures were kept under identical conditions, as described above. The numbers of flasks 
was at least 10 / strain. For protein preparation up to 60 flasks / strain and batch were used. 
For time course experiments samples were taken from each flask and pooled together. 
Fermenter cultures were done in a Bio-engineering reactor containing 10 1 Czapek-Dox 
(CD) media. The media was inoculated with 10  ^conidia /ml (batch 12, strain FHT 82) and 
10^  conidia / ml (batch 13, strain FHT 82). Agitation was set at 300 rpm, and an aeration 
rate of 2.5 1/min = 0.25 w m  was used. pH and pO^ were monitored continuously.
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2.2. Treatment of antigens from culture filtrates
Hyphae were first removed from the pooled culture media, by filtration through a steel tea 
strainer. The resulting crude filtrate was then passed through a polyvinylidenfluoride 
membrane filter, of pore size 0.45 pm, to remove any remaining conidia and fine debris. 
The culture filtrate was then concentrated by a factor of 10 by passing through a polyether 
sulfone membrane, with a 10 kD cut off. To remove components with molecular weights 
below 10 kD, the concentrate was diluted with distilled water and again passed through the 
membrane. This procedure was repeated until more than 95% (calculated by weight) of the 
components below 10 kD were removed. Filtration was done in a Microsep® filter units (up 
to 3 ml, Filtron), Macrosep® filter units (up to 15 ml, Filtron) or Millipore® tangential flow 
unit (Millipore) and the protein content of the final solutions was determined. To adjust the 
protein content the solution was dried using a speed-vac concentrator (Bachofer, Germany) 
and dissolved in an appropriate buffer or water.
2.3. Preparation of somatic proteins from mycelia
Somatic proteins were prepared from 4 day and 15 day old flask cultures. The hyphal mat 
was remove by filtration through a fine sieve, washed with water and pressed. The washing 
was repeated 4 times. The pressed mat was suspended in water to give a 20% suspension 
(w/v). The total amount of mycelial mat obtained was between 70g and 80g. If large 
hyphal balls were present these were broken up in an ultraturrax T25 (IKA, Germany) at 
10000 rpm. The ultraturrax was fitted with device S25KG-18G (IKA, Germany).
The washed hyphae were then broken down using the ultraturrax at maximum speed under 
ice cooling. The suspension was precooled to 4°C before disintegration. Maximum speed 
(24000 rpm) was then applied for 1 min followed by a cooling phase of at least 3 min.
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Between 6 and 8 cycles were done until a thin suspension was obtained. The suspension 
was centrifuged at 20000 rpm (35000 x g) for 30 min. The supemant was removed and 
filtered through a 0.45 pm cellulose acetate syringe filter (Nalgene). The filtrate was then 
placed into 10 kD Macrosep ® ultra filtration units, concentrated and diluted with water 
several times until > 95% of components smaller than 10 kD were removed. The protein 
content was tested using Bichinoninic acid method (BCA) and protein content was 
adjusted by speed-vac ® drying to give a final concentration of 1.25 mg/ml.
2.4. Determination of protein content
Because of the variations reported by Longbottom 1986a using different methods for 
estimating proteins four different methods were used to determine the protein content of 
concentrated and original samples. All methods were done in triplicate.
2.4.1. Ultraviolet light absorption
This method based on the absorption of tyrosine and tryptophan residues in proteins. The 
absorption of concentrated and original samples were measured at 280 nm and 260 nm at 
25°C. The ration of absorbance A(280) / absorbance A(260) was calculated, and the 
corresponding factor taken from Cooper 1981 to correct influence of nucleic acid, was 
multiplied by absorbance A(280).
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2.4.2. Dry mass
To determine the dry mass of desalted and concentrated samples, 900 pi of the protein 
solution was placed into an Eppendorf tube of known weight. The solution was dried using 
a speed vac concentrator until a constant weight was obtained and the final mass was 
determined.
2.4.3. Bradford method
In 1976 Bradford described a method based on the binding of Coomassie Brilliant Blue 
(CBB) G-250 to proteins. The binding results in a shift of absorption from 465 nm to 595 
nm. All determinations were done in triplicate in microtiter plates, using 10 pi volumes of 
either a standard solution of bovine serum albumin (0.02 - 0.1 mg/ml) or the sample. 200 
pi of protein reagent was added to each well and the extinction at 595 nm was measured 
with an ELISA reader (SLT, Austria) after 10 min incubation at room temperature. The 
protein concentration of the samples were calculated using linear regression of the standard 
curve, as shown in Figure 11, p. 167. Reagents are listed in appendix „7.2. Solutions", 
p.423.
2.4.4. Bichinoninic acid (BCA) method
The BCA method (Smith et al 1985) is based on a redox reaction of copper ions, and the 
formation of a coloured complex detectable at 570 nm. Ten microlitre volumes of either a 
bovine serum albumin standard solution (0.05 - 0.4 mg/ml) or concentrated culture filtrate 
samples in different dilution steps (neat, 1:10 and 1:100) were placed in triplicate into the 
wells of a microtiter plate. 200 pi of BCA working reagent was added to each well the 
plate covered, and incubated at 60°C for 1 hour. After incubation, the absorption of each 
well was read at 570 nm with an ELISA reader (SLT, Austria) using a blank of 10 pi
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phosphate buffered saline (PBS), and 200 pi working reagent. The protein concentrations 
of the samples were calculated using linear regression of the standard curve, shown in 
Figure 12, p. 168. Reagents were listed in appendix.
2.5. pH detection
The pH value was measured by a glass electrode (Ingold), and a pH meter (Knick). The 
electrode was standardised with commercial buffer solutions, and calibrated before use 
according to the manufacturers instructions.
2.6. Glucose detection
For the determination of glucose in culture filtrates, a commercially available test-kit 
(Boehringer, Mannheim, order number 716251) was used. The system is based on the 
enzymatic phosphorylation of glucose to glucose-6-phosphate (G-6-P), mediated by 
hexokinase in presence of ATP. The reaction product G-6-P, reduces nicotinamide- 
adenine-dinucleotide-phosphate (NADP) to NADPH in presence of the enzyme glucose-6- 
phosphate-dehydrogenase. The concentration of NADPH is equivalent to the initial glucose 
concentration and is measurable at 340 nm. The test was carried out in cuvettes each 
containing 1 ml of triethanolamine buffer (bottle 1 of the kit), 100 pi sample and 1.9 ml of 
distilled water. Absorbance both before, and 15 min after the addition of 20 pi enzyme 
solution, containing both hexokinase and glucose-6-phosphate-dehydrogenase was 
measured at 340 nm. The glucose concentration was calculated from difference in 
absorbance (AE) before and after enzymatic reaction, using the extinction coefficient of 
NADPH (6.3 l*mor‘ *cm‘‘).
2.7. Detection of enzymatic activities in crude protein preparations
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A commercial test kit was used to screen 19 enzymes listed in Table 16, p. 135 (API ZYM, 
bioMérieux, Lyon, France). The test was done according to the manufacturers instructions. 
Briefly, the test strip was placed in a humidified chamber. 20 pi of protein solution 
adjusted to 0.1 pg/pl by speed-vac drying and dilution in water was applied to the different 
wells (2 pg protein (BCA)Zwell). The humidified chamber was incubated in darkness for 4 
h at 37°C. After this time 20 pi of each ZYM-A and ZYM-B solution were applied and 
incubated for 5 min. The colour of ZYM-B solution was destroyed by 10 min of strong 
illumination (2x100 watt, 30 cm distance). The colour intensity of the remaining dye was 
judged according to the supplied colour scale ranging from 1 (very weak) to 5 (very 
strong). Pure water was used as a blank control. The strips were photographed and dried in 
a desiccator at room temperature. Details of enzymes investigated by this technique are 
shown in Table 16, p. 135
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Table 16 : Detection of enzymatic activities using API ZYM test stripes
Enzyme assayed for
Phosphatase alkaline a-galactosidase
Esterase (C4) p-galactosidase
Esterase Lipase (C8) P-glucuronidase
Lipase (C l4) a-glucosidase
Leucine arylamidase P-glucosidase
Valine arylamidase N-acetyl-p-glucosamidase
Cysteine arylamidase a-mannosidase
Trypsin a-fucosidase
Chymotrypsin
Phosphatase acid
Naphtol-AS-BI-phosphohydrolase
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2.8. Determination of nucleic acid content in crude culture filtrate preparations
The absorption at 260 nm and 260 nm was measured and the content of nucleic acid was 
calculated by the method shown in Cooper 1981. Measures were done in triplicate.
2.9. Double immunodiffusion
The immunodiffusion method is based on the formation of insoluble precipitates of the 
soluble antigen with IgG or IgM antibodies. Antigens and antibodies diffuse into an 
agarose gel, forming concentration gradients. The gradients overlap and precipitates are 
formed at optimal antigen and antibody concentrations. The optimal concentration of 
antibody and antigen must be determined for each system. The test was carried out as 
follows:
A 1 % agarose solution in barbital buffer pH 8.6 was poured onto a plastic slide (50 mm x 
43 mm) to a depth of 1.4 mm. After the agar had gelled nine 4 mm wells were punched in 
the agar according into the pattern in Figure 7, p. 137. Hyperimmune rabbit anti-Aspergillus 
fumigatus serum (10 pi) was placed in the centre well while the same volume of 
concentrated and washed antigens from culture filtrate (40 -0.625 mg/ml were placed in the 
outer wells. The plate was placed into a moist chamber for 24 hr at 20°C and then washed 
in saline for 20 hr. The plate was then dried, stained with Coomassie blue for 8 minutes 
then destained with methanol / acetic acid solution. All solutions are listed in "7.2.3. 
Ouchterlony", p.424
A serial dilution of antigen batch Z21, strain FHT 82 was examined using rabbit-anti- 
Aspergillus fumigatus antibodies (AKl, see Table 19, p. 156). The results are given in 
Table 27, p. 187. A constant antigen concentration of 10 pg/pl was selected for further 
experiments.
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Figure 7 : Well pattern in agarose plates used for Ouchterlony
agarose plate ^
wells
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2.10. ELISA methods
2.10.1. Principle of ELISA
To measure the reaction of antibodies with fungal antigens, a simple ELISA system was 
used. Antigens were bound to the plastic surface of a microtiter plate, and any unsaturated 
binding sites were blocked with non-reactive proteins in order to avoid non-specific 
absorption of primary or secondary antibodies.
Polyclonal rabbit anti-Aspergillus fumigatus antibodies (the primary antibodies), were 
allowed to bind to the antigens, and the non reacted antibodies removed by washing. The 
bound antibodies were then detected with a commercial secondary antibody (goat anti­
rabbit IgG (whole molecule) horseradish peroxidase conjugate). The principle is outlined in 
Figure 8, p. 139. Optimal dilution of antibody and conjugate was determined in chequer 
board titration as shown in section "3.1.6. Validation of rabbit antibody detecting ELISA", 
p.173.
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Figure 8 : Principle of ELISA used
primary antibody
secondary  antibody
substrate
RPntigen
coloured
product
HRP = Horse radish peroxidase
2.10.2. Protocol of ELISA (rabbit antibodies)
The wells of a microtiter plate were loaded with 100 pi antigen (20 pg/ml, in BBS) 
according to Figure 9, p. 140 and incubated for 18 h at 4 °C. The antigen was then removed 
and free binding sites were blocked with 200 pi BBS-Blotto (20°C) for 1 h. The wells were 
then washed twice with BBS-Tween 20 and then 100 pi of xdbhii-diiiû-Aspergillus 
fumigatus-diWtiSQm (primary antibody) diluted in BBS were added according to Figure 9, 
p. 140. The ELISA plate was then incubated for 1 h at 20 °C and the wells were then 
washed three times with BBS-Tween 20. 100 pi of goat anti-rabbit IgG peroxidase 
conjugate (secondary antibody) diluted in BBS-OVA was added to each well and the plate 
incubated for 1 h at 20°C. The dilution of the secondary antibody was determinated by 
checker-board titration (Figure 13, p. 174). The wells were then washed three times with 
BBS-Tween 20. 100 pi of fresh substrate solution were added and incubated for 30 min at 
37 °C. The extinction was measured against blank at 7. = 405 nm.
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The optical densities obtained were plotted against log2 of antibody dilution, and only 
curves with similar slopes were compared. In addition, blanks containing antigens but no 
primary antibodies were used to monitor peroxidase activities of antigens.
A list of reagents is given in "7.2.4. ELISA", p.425.
Figure 9 : Layout for ELISA plate used for titration curve
1 2 3 4 5 6 7 8 9  10 11 12 antibody dilution
<— blank*A
B
C
D
E
F
G
H
0 1 0 1 0 0 I 0 I 0 0 1 0 1 0 0 1 0 1 0
1:6400 
1:3200 
1:1600 
1: 800 
1: 400 
1: 200 
1: 100
antigen 1 antigen 2 antigen 3 antigen 4 
*Blanks were done without antigen, and an antibody dilution of 1 :100 was used.
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2.10.3. Protocol of ELISA (cattle antibodies)
The development of ELISA for detection of cattle antibodies was described in "3.1.7. 
Validation of cattle antibody detecting ELISA", p. 176.
The microtiter plate was loaded with 100 pi antigen (5 pg/ml, in PBS, pH 7.2) and 
incubated for 18 h at 4 °C. The antigen was then removed, the wells washed in PBS and 
free binding sites were blocked with 200 pi PBS pH 7.2, 10% PCS, 0.5% gelatine (20°C) 
for Ih. The wells were then washed twice with PBS-Tween 20. 100 pi of cattle serum 
sample (primary antibody) diluted in PBS, pH 7.2 ,10% PCS were incubated for 1 h at 20 
°C. The dilution of primary antibody are given in "3.1.7. Validation of cattle antibody 
detecting ELISA", p. 176. The wells were then washed three times with PBS-Tween 20. 
100 pi of goat anti-cattle IgG peroxidase conjugate (secondary antibody) diluted in PBS- 
OVA were incubated for 1 h at 20°C. The dilution of the secondary antibody was 
determinated by checker-board titration (Figure 17, p. 180). The wells were then washed 
three times with PBS-Tween 20. 100 pi of fresh substrate solution were added and 
incubated for 30 min at 37 °C. The reaction was stopped with 0.3 % (w/w) NaF solution. 
The extinction was measured against blank at A, = 405 nm.
A list of reagents is given in "7.2.4. ELISA", p.425.
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2.11. Electrophoretic methods
All electrophoretic separations and Western blotting transfers were done using an 
automated electrophoresis system (PhastSystem®, Pharmacia). In order to obtain 
reproducible separations, preformed gels of 40 mm x 50 mm x 0.35 mm dimension were 
used. Calculations and comparisons were done on 2.54 x magnified photographs of gels 
and blots.
2.11.1. Isoelectric focusing
2.11.1.1. Separation
Protein components in the culture filtrate were separated by thin layer polyacrylamide 
isoelectric focusing. Preformed isoelectric focusing gels (T 5%, C 3 %) of 0.35 mm 
thickness, covering pH ranges 3.0 - 9.0, or 4.0 - 6.5 were used. Gels were prefocused using 
2000 V for up to 75 Vh before application of sample. All samples were diluted to give a 
protein concentration of 1.25 pg/pl and 4 pi were then applied to each of the six lanes. In 
all cases a protein mixture of batch Z15 strain FHT 82, batch Z15 strain 85, or batch Z21 
strain 82 was run as a reference sample. During the application of the sample the voltage 
was set to 200 V for 15 Vh which was then increased to 410 Vh at 2000 V for isoelectric 
focusing.
2.11.1.2. Development
Protein bands were located using the silver staining method of Heukeshoven and Demick 
1985 which was adapted to the automatic staining system (PhastSystem®). The procedure 
is given in "7.3.3. Silver staining procedure in the PhastSystem®", p. 436. Staining with
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Coomassie Blue was done according to Pharmacia PhastSystem development technique 
file No.200. The procedure is given in "7.3.4. Coomassie staining", p.438
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2.11.1.3. Isoelectric point determinations
Isoelectric points (lEP) were determined using a commercial marker mixture from Sigma 
(IEF-M2) lEP range pH 3.6 to pH 6.6. The marker with the lEP 3.6 was outside the 
separation range and was visible at anode position. 160 ng of each protein was applied per 
lane to get strongly visible bands.
The marker proteins in the mixture were identified by a parallel separation of the 
corresponding pure proteins. Distances between the cathodic edge of the gel and the 
protein band were measured on photographs magnified 2.54 x. The lEP of protein bands 
were calculated by intrapolation of the neighbouring marker proteins. An example of a 
standard curve is given in Figure 23, p. 191
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Table 17 : The protein markers used for determination of isoelectric point (lEP) in lEF 
pH 4 - 6.5
Marker Origin lEP
Amyloglucosidase Aspergillus niger 3.6
Glucose oxidase Aspergillus niger 4.2
Trypsin inhibitor soybean 4.6
P-Lactoglobulin A bovine milk 5.1
carbonic anhydrase II bovine erythrocytes 5.4
carbonic anhydrase II bovine erythrocytes 5.9
carbonic anhydrase I bovine erythrocytes 6.6
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2.11.2. SDS-PAGE
2.11.2.1. Separation in reduced and non-reduced conditions
Protein components in the culture filtrate were separated according to their molecular 
weight, by discontinuous sodium dodecyl sulphate polyacrylamide gel electrophoreses 
(SDS-PAGE). Preformed 0.45 mm thick homogenous gels were used. The gels were 
composed of a stacking zone ( T 6%, C 3%) of 13 mm and a separation zone (T 12.5 %, C 
2%) of 32 mm length, resulting in a separation range fiom 15 kD to 200 kD. The 
separation range was selected to cover the known range of molecular weight of antigens 
and homogenous gels were used to avoid problems in blotting. Samples of concentrated 
culture filtrate were applied at a protein concentration of 10 pg/pl in sample buffer (pH = 
8.0). Sodium dodecyl sulphate (SDS) and 2-mercaptoethanol were added to give a final 
concentration of 2.5 % and 10% respectively. For non-reduced SDS-PAGE, 2- 
mercaptoethanol was replaced by dilution buffer. Samples were heated for 5 min, and 
bromphenol blue was then added to give a final concentration of 0.01%. Commercial 
electrophoresis calibration proteins (Pharmacia LMW marker kit), at 35 ng / protein per 
lane and treated as described above under reducing conditions. The calibration proteins are 
listed in Table 18, p. 148.
Samples were applied to the gels after 1 Vh (250 V, 10 mA) and during application, the 
current was reduced fiom 10 mA to 1 mA (250 V). The separation was then run up to 70 
Vh (250 V, 10 mA) or until the bromphenol blue dye had reached the anode. The program 
is listed in section"7.3.2. SDS-PAGE in the PhastSystem®", p.435.
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2.11.2.2. Development
The silver staining method of Heukeshoven and Demick 1985, was also used for SDS- 
PAGE. This method was adapted to the automatic staining system (PhastSystem). The 
procedure is listed in section "7.3.3. Silver staining procedure in the PhastSystem®", p.436 
and is similar to that silver staining of lEF gels. Solutions are listed in section "7.2.5. Silver 
stain", p.427.
2.11.2.3. Determination of molecular weight
The distance between the start of the separation gel on the cathodic side, and individual 
protein bands were measured on photographs of the stained gels magnified 2.5 x. Marker 
proteins with known molecular weights were run on every separation gel, and the 
molecular weights of the unknown proteins were determinated by interpolation between 
adjacent marker proteins. An example of a standard curve is given at Figure 22, p. 189. 
Determination of molecular weight was only done from silver stained gels.
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Table 18 :The marker proteins used for determination of molecular weight in SDS- 
PAGE 12.5% T
Marker Origin Molecular
weight
a-Lactalbumin bovine milk 14.4 kD
Trypsin inhibitor soybean 20.1 kD
Carbonic anhydrase bovine erythrocyte 30.0 kD
Ovalbumin egg white 43.0 kD
Albumin bovine serum 67.0 kD
Phosphorylase b rabbit muscle 94.0 kD
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2.11.3. Two-dimensional electrophoresis using PhastSystem
The two-dimensional electrophoresis (2-D electrophoresis) is a combination of lEF (first 
dimension) and SDS-PAGE (second dimension). In the protein pattern obtained by 2-D 
electrophoresis each dot is characterised by its isoelectric point and molecular weight.
The 2-D electrophoresis was done in the standard electrophoresis device (PhastSystem®, 
Pharmacia). The first dimension (lEF pH 4...6.5) was done as described in "2.11.1. 
Isoelectric focusing", p. 142. A 6-lane applicator containing 4 pi / lane was used and the 
protein concentration was adjusted to 1.25 mg/ml (BCA method) to give 5 pg protein / 
lane. The site of sample application was marked on the plastic back of the gel and samples 
were applied twice on neighbouring lanes. After focusing the gel was removed and one 
lane was cut using a razor blade. The anodic position was then marked on the strip. The 
remaining part of the lEF gel was stained as described in "2.11.1.2. Development", p. 142 
with silver staining.
The strip containing the sample of interest was incubated in buffer 1 for 2.5 min (20°C) and 
than for 2.5 min in buffer 11 (20°C). Buffer 1 contains sodium dodecyl sulphate (SDS) 
needed for SDS-PAGE and dithiothreitol (DTT) to reduce sulphur bridges in the proteins. 
In buffer 11 surplus DTT was destroyed by iodoactamide and bromphenol blue was reacted 
with the strip. Following equilibration the strip was positioned onto the surface of the 
collection gel of a SDS-PAGE gel. 1 pi of SDS-PAGE marker mixture treated as described 
in "2.11.2. SDS-PAGE", p. 146 was positioned on the collection gel on the right hand of the 
strip. The buffer strips were then added to the SDS-PAGE gel and appropriate separation 
program was started. After 4 Vh the program was interrupted and the lEF strip was 
removed. The separation was stopped when the blue bromphenol band reached the anodic
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buffer stripe. The 2D-gel was developed with silverstaining as described in "2.11.2. SDS- 
PAGE", p.l46.
2.11.4. Blotting
Proteins separated by lEF and SDS-PAGE were blotted using a semi-dry blotting system 
(PhastSystem®, blotting unit) using the discontinuous buffer system of Kyhse-Andersen 
1984.
2.11.4.1. Procedure of blotting
After the electrophoretic separation of the culture filtrate proteins was completed, the gel 
was removed from the plastic backing with a wire, and dry filter paper was laid on the 
sticky surface of the gel. The transfer unit was prepared with 2 filterpapers soaked in anode 
solution 1 (pH 10.4), followed by one filterpaper soaked in anode solution 2 (pH 10.4). The 
gel was then placed onto a nitro-cellulose membrane (0.45 pm pore size) pre-soaked in 
anode solution 2. Two filterpapers soaked in cathode solution were then placed on top of 
the gel, the cathode was placed on top of the sandwich and current of 0.6 mA/cm^ (13 
mA/gel) was then applied for up to 10 min. lEF and SDS gels were transferred using the 
same basic method with different buffer solutions being used for lEF and SDS gels 
(Solutions listed in "7.2.7. Blotting of lEF gels", p.428 and "7.2.11. Blotting of SDS-PAGE 
gel", p.433). After transfer the filter paper and gel were removed from the membrane, and 
antigenic components were then located using hyperimmune rabbit anti Aspergillus 
fumigatus serum.
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2.11.4.2. Procedure of protein detection on blotting membranes tProtogold-)
Colloidal gold was used for general protein staining on blotting membranes. The 
membrane was washed twice (5 min each) in PBS 7.2. Free binding sites were blocked by 
incubation of blotting membrane with PBS 7.2, 0.3 % Tween 20 (PBST-20) for 30 min at 
37°C. The membrane was then washed three times with PB ST-20 (5 min each) and 
incubated in PROTOGOLD®-solution until a good band pattern was visible. The blot was 
then washed several times in pure water. If necessary the intensity of the bands was 
enhanced by silver enhancer kit (SE-100, Sigma). 15 ml volumes of solution A and 
solution B from the kit were mixed avoiding contact to metal and light. The blot was 
incubated into the mixture until enhanced staining was obtained. The mixture was washed 
away with excess of pure water and the membrane was fixed by 2.5 % sodium thiosulphate 
solution for 5 min. Finally the blot washed again in excess of pure water.
151
2. Material and methods
2.11.4.3. Procedure of immunological detection
The blotted membrane was blocked for 30 min at 37°C with Blotto/PBS. The primary 
rabbit anti-Aspergillus fumigatus antibody (1:50 in Blotto/PBS 7.2), was than applied 
overnight at 4°C. The dilution of antibody solution was adjusted so that optimal staining 
was obtained with antigens of batch Z15 strain FHT 85. After incubation the blot was 
washed three times (10 min each) with PBS to remove unbound antibodies. The secondary 
antibody (goat anti rabbit IgG (whole molecule) peroxidase conjugate) was then applied for 
1 h at 37°C with a dilution of 1 : 500. Again the blot was washed three times (10 min) with 
PBS and then the freshly prepared substrate solution (H2O2 /Diaminobenzidine, see p.428) 
was poured over the membrane. The reaction was stopped with running water after about 
15 min when a good contrast between developing bands was seen. The membrane was 
washed for further 10 min in running tap water.
2.11.4.4. Overlav method
In order to obtain more reliable results when comparing the band positions of lEF gels and 
blots an overlay method was developed. A sample with a known band pattern was applied 
to the same gel together with the unknown samples. With the PhastSystem® it is possible 
to apply samples at the anodic, middle and cathodic site of the gel. 2 gels were run parallel 
with identical samples applied on anodic position using a 6 lane applicator (4 pi, 5pg /lane 
). In the middle position of one gel a continuous applicator was loaded with a protein 
sample of known pattern (3 pi, 18.75 pg / applicator). One of the six lanes of the anodic 
applicator was not loaded so that the original pattern of the application in the middle 
position could be seen. The separation was done as described at "2.11.1. Isoelectric 
focusing", p. 142.
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2.11.4.5. Strip blotting
To investigate the reactivities of the bands separated after continues application with cattle 
serum samples the following technique was used. 18.75 pg of total protein was loaded one 
gel and separated as described in "2.11.1. Isoelectric focusing", p. 142. The blotting was 
done according to "2.11.4. Blotting", p. 150. Afterwards the blot was removed from blotting 
sandwich. The position of left side of gel was marked carefully on the blot. The membrane 
was then positioned in a three side open plastic bag. A transparent foil marked with 12 
lines separated by a distance of 2 mm was fixed with a clamp on the topside of the plastic 
bag. The left hand side of the gel was positioned to the left side of the transparent foil. The 
membrane, plastic bag and foil were cut into 12 strips which were incubated with primary 
and secondary antibody according to the standard procedure for immunological detection 
in blotting. A micro incubation tray (Biorad) allowing the development of strips in small 
reagent volumes (200 to 1000 pi).
2.11.4.6. Acid phosphatase activitv detection on blot
The method was done according to Rothe 1994 The principle of the reaction was the 
enzymatic dephosphorylation of a-Napthylphosphate.
The blotting membrane was incubate in a freshly prepared mixture of 5 ml Fast-Gamet- 
GBC (1 mg/ml) and 2 ml a-Naphtylphosphate (10 mg/ml) in citric acid buffer, pH 4.5. The 
membrane was incubated in darkness for 1 h at 20°C. It was than wash three times (5 min 
each) in pure water. A positive reaction was seen as brownish bands. In the original test of 
Rothe 1994 a 1:1 mixture of citric acid buffer and acetone was used. This was not 
compatible to nitrocellulose membrane.
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2.11.4.7. Detection of Concanavalin A binding components on blotting membranes 
The detection of concanavalin binding carbohydrate components on blotting membranes 
was done using a biotin-avidin based system. The best results were obtained when 
Immobilon® membranes were used instead of nitrocellulose. When Immobilon® was used 
as blotting membrane of lEF gels, the hydrophobic membrane was first soaked in pure 
methanol. After this the methanol was replaced by two washing steps (5 min each) with 
water and one washing step with anode solution 1 ("2.11.4. Blotting", p. 150). The further 
steps of blotting were identical to those used for nitrocellulose membranes.
After blotting the free binding sites were blocked with 1% bovine serum albumin - PBS 
(BSA-PBS) for 30 min at 37°C. The membrane was washed three times (10 min each) in 
lectin buffer. All washing steps were done at 20 °C. 25 pi of Concanavalin A - biotin 
conjugate (C-2272, Sigma) containing 10 mg/ml were diluted in 2.5 ml lectin buffer. This 
volume was sufficient to incubate a membrane of 5 cm x 5 cm (size of electrophoretic 
system PhastSystem®). The incubation was done in a plastic bag for 1 h at 37°C. After the 
incubation the blot was washed three times (10 min each) with lectin buffer. 25 pi Avidin - 
peroxidase conjugate (E-2886, Sigma) was diluted in 2 ml avidin buffer, added to the 
membrane and incubated in a plastic bag for 1 h at 37°C. The blot was than washed three 
times with avidin buffer and three times with Tris / HCl buffer. The bound concanavalin A- 
biotin/avidin-peroxidase complex was developed with H202/Diaminobenzidin. Fresh 
prepared DAB substrate solution was incubated for 15 min at 37 °C. Because the bands 
were not seen when the membrane was wet, the staining was continued until a medium 
brown staining of background was visible. The membrane was than dried with a hair drier 
to make the bands visible. All buffers and solutions are listed at "7.2.10. Detection of 
Concanavalin A binding components on blotting membranes", p.431.
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2.12. Antibodies to fungal antigens
Polyclonal antibodies were donated by B.A. Saggers, of North East Surrey College of 
Technology, Surrey, Great Britain. They were prepared according to the following scheme. 
Antibodies to fungal cultures grown in Czapek-Dox media:
10 ml of concentrated culture filtrates from 30 day cultures were precipitated by slow 
addition of 4.5 ml 1 M NaHCO^ and then 10 ml 0.2 M AIKSO^. After 15 min incubation at 
room temperature the precipitate was spun down at 300 g, for 15 min, and washed three 
times in PBS. The precipitate was then suspended in PBS to give a concentration of 300 
pg/ml. For each antigen, 1 ml of the corresponding alum precipitated antigen was injected 
subcutaneously, at multiple sites into two adult New Zealand White rabbits, which had 
previously tested negative for antibodies to the test fungi by ELISA with a prevaccination 
serum. The procedure was repeated at 4 weeks intervals until the animals produced a strong 
immune response, detected by precipitate to the vaccinating antigen. The hyperimmune 
antisera raised against the same antigen were then pooled for use.
Antibodies to bacterial antigens:
Formolised suspension of bacteria (10^ organisms / ml) in PBS were used instead of the 
alum precipitated antigens as described above. An overview is given in Table 19, p. 156.
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Table 19 : Hyperimmune polyclonal rabbit antisera against antigens of various fungal 
and bacterial species used for antigen detection in blotting and ELISA
species date abbreviation
anti-Aspergillus fumigatus January 1989 AKl
anti-Aspergillus fumigatus 26.04.89 AK3
anti-Candida 06.01.92 AK4
anti-Absidia 12.09.89 AK5
anti-Escherichia coli 17.10.91 AK6
anti-Pseudomonas 
aeruginosa
13.06.92 AK7
anti-Rhizopus 09.10.89 AK8
anti-Salmonella typhimurium 23.02.88 AK9
anti-Aspergillus niger 14.09.90 AKIO
anti-Aspergillus fumigatus 21.01.92 A K ll
anti-Mucor 01.10.89 AK12
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2.13. Sera from cattle
Sera from blood of normal, suspected and known positive cattle were generous gifts of an 
artificial insemination cooperative (Besamungsverein Nord, Schwabisch-Hall, Dr. Koll) 
and the cattle health service (Rindergesundheitsdienst, Stuttgart, Dr. Bay).
Blood sample were collected into a glass containers and allowed to clot over night a 4° C. 
The clots were removed from glass surface be gentle agitation with a glass rod. After 
further hour at 4°C serum was removed. If insufficient volumes of serum were obtained the 
clots were centriftiged at 600 rpm for 10 min at 20°C.
In some cases only frozen blood was available. After thawing the supemant serum was 
careftilly removed. Because of the high level of haemolysis these sera were of limited 
value.
2.14. Chromatofocusing
To separate larger amounts of proteins according to their isoelectric point a 
chromatofocusing system was used as the method of choice. Polybuffer exchanger 94 and 
Polybuffer 74 (Pharmacia) were used in a pH range of pH 5 to 4. Solutions are listed in 
appendix "7.2.12. Chromatofocussing", p.433. The method was done according to the 
instruction manual of Pharmacia.
The separation was done in a Pharmacia low pressure chromatography system using a 18 
cm X  1 cm column. The effective column height was 13 to 16 cm, the volume of the solid 
phase was 10 to 12.5 ml respectively. The gel slurry was first washed with starting buffer 
(0.025M piperazin buffer pH 5.5 (HCl)) to remove the storage liquid (20% Ethanol) and all 
gels and buffers were degassed by vacuum. The slurry was poured into the column and 
packed by hydrostatic pressure. The upper column adapter was applied on the top of the gel
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bed and column was equilibrated with 10 column volumes piperazin buffer using a linear 
flow rate in the range of 15 cm/h (about 12 to 15 ml /h). This flow rate was also used 
during application of sample (4...8 ml volume, 10...20 mg total protein) and for the 
separation. After application of the sample, elution buffer (Polybuffer PB 74, 1:10, pH 3.8 
(HCl) was applied to the column. Fractions of 2 - 2.5 ml were collected from the column 
after the first two volumes of eluate. The column was reequilibrated with Piperazin buffer 
pH 5.5 (HCl) and any brown pigment bound to the column was removed by rinsing with 
0.1 mol/1 HCl (10 column volumes). The column was then reequilibrated with piperazin 
buffer pH 5.5 (HCl). When not in use the column was stored under 20 % Ethanol at 4°C. 
The polybuffer was removed from fractions as it interfered with the protein assay (BCA) 
and lEF. Microsep ® filter units (Filtron) with a cut off of 10 kD were used to remove 
polybuffer. The protein content of each sample was determined and lEF / lEF blotting was 
then done. To monitor separation Coomassie staining of lEF gels was used.
2.15. Preparative isoeleetric focusing (ROTOPHOR )
Preparative isoelectric focusing was done using a carrier ampholyte based system
(ROTOPHOR®, Bio-Rad). The system consisted of three segments, the anode segment, the
cathode segment and the separation segment. The anode and cathode segments were
connected to the separation segment via ion exchange membranes. The anode segment was
filled with 20 ml 0.1 M H 3 P O 4  and the cathode segment with 20 ml 0.1 M N a O H .  The
separation segment was subdivided by permeable membranes into 20 smaller segments.
Between 7 to 20 mg of crude culture filtrate proteins dissolved in 40 to 50 ml H2O were
mixed with 5% ampholytes ("3.5.2. Separation of protein components by preparative
Isoelectric focusing (Rotophor®-System)", p.336) and placed into the separation segment.
The system was closed and set into rotation. A maximum voltage of 2000 V was applied
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for 5 hours at a current of 12... 18 mA. After focusing each small segment was emptied and 
pH values of fractions were measured using a micro pH electrode. The fractions were 
concentrated and diluted with water several times until > 95% of components < 10 kD 
were removed using Microsep® units. The protein content of each fraction was determined 
using the BCA method and the fractions were adjusted to a protein concentration of 1.25 
mg/ml by speed-vac drying. The fractions were then stored at < -18°C for use.
2.16. Separation of purified culture filtrate proteins by reversed phase 
chromatography (C4-RPC)
A protein purified by chromatofocussing (Rpnr 3) was applied to a HPLC system using a 
column with short alkane residues (Butyl residues, C4). 250 pi (1.25 mg/ml) of purified 
Rpnr 3 was applied to the column using a flow rate of 0.25 ml/min. The protein was eluted 
with an increasing acetonitrile gradient as per Table 20, p. 160 at a flow rate of 0.25 
ml/min. Eluted proteins were detected at 280 nm.
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Table 20 : Reversed phase chromatography, gradient table
time (min) solvent A solvent B
5 98% 2%
60 35% 65%
80 2% 98%
83 2% 98%
85 98% 2%
solvent A 
solvent B
HoO + 0.05% trifluoroacetic acid
acetonitril + 0.045% trifluoroacetic acid
The separation and following sequencing was done using Hewlett-Packard equipment at 
the laboratory of Dr. R. Grimm, Hewlett-Packard, Waldbronn, Germany.
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3. RESULTS
Changes in the protein composition of a culture filtrate from a single strain of Aspergillus 
fumigatus was examined to determine the time required for the cultures to reach a constant 
protein composition. Additional cultural parameters that had been reported to change during 
cultivation such as medium pH and glucose content were also measured in untreated samples. 
Variations in the protein composition of culture filtrates within different culture batches and 
strains in 4 week old culture filtrates were also examined. The antigenic composition of the 
different culture filtrates was investigated by immuno-diffusion, indirect enzyme-linked 
immunosorbent assay (ELISA) and by immuno-blotting of lEF and SDS-PAGE gels with 
hyperimmune rabbit sera raised against the culture filtrate antigens of a range of Aspergillus 
species.
3.1. Validation of methods
3.1.1. Validation of sample treatment
Two ultra filtration systems were used during the course of this project. These were the 
Minitan® and the Macrosep® / Microsep® systems which use polyethersulfone membranes with 
a 10 kD cut off. The Minitan system was routinely used for volumes between 300 and 800 ml, 
whereas the Macrosep unit was used for volumes of up to 12 cm^. The Microsep system is 
similar to Macrosep and is used for volumes up to 3 ml.
The effects of the different concentration systems were investigated using culture batch Z21D 
from Aspergillus fumigatus strain FHT 82. The resulting culture filtrate concentrates were 
analysed by isoelectric focusing in the range pH 3 - 9. It can be seen in Figure 10, p. 164 that 
both methods produced identical protein band patterns between pH 3.0 and 5.5, with the 
majority of proteins focusing in this pH range. Slight differences in band pattern were seen
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above this pH range with two very faint bands, and one medium density band being identified 
only in samples processed with Minitan system. These were four of the small number of 
proteins seen in the more basic half of the protein band pattern. It is likely that the four proteins 
removed by absorption onto materials used in Macrosep units which was not occurring in the 
Minitan crossflow system. This loss affected the results of the time courses experiment of batch 
Z20 ("3.2.1. Growth of Aspergillus fumigatus strain FHT 82", p. 213)
Protein samples of Aspergillus fumigatus culture filtrates were either fi*eeze dried in Eppendorf 
vials using a speed-vac system or in an attempt to avoid the possible denaturing effects of 
drying some small samples were concentrated in small filtration units (Microsep®) to produce 
the required protein concentration. Both systems were investigated for their effects on culture 
filtrate protein composition using batch Z20 of strain FHT 82. The resulting samples were 
analysed in an lEF gradient of pH 4 -6 .5 . No differences were found between the two methods 
when patterns of silver stained gels were compared (results not shown). Freeze drying was then 
used to concentrate all further samples as this was more convenient allowing several samples to 
be processed at one time.
To check the effect of using a 10 kD cut off in antigen preparation on the lEF and blotting 
patterns obtained, samples from different steps of the process were taken during the processing 
of batch Z21 strain FHT 82 as indicated below:
- Culture filtrate, after 0.45 pm filtration, without further treatment
- Filtrate of first concentration step with 10 kD membrane
- Concentrated culture filtrate from first concentration step
- Concentrated culture filtrate from second concentration step
It was not possible to analyse the samples by electrophoresis as their the salt content was too 
high, so a 3 kD cut off filtration was done to reduce the salt concentration of the samples before
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analysis. The immunoblot patterns of the concentrated culture filtrates from first and second 
step were found to be identical (results not shown). In comparison with the original sample of 
untreated culture filtrate, one band of weak intensity was missing in concentrated culture filtrate 
even though double the amount was used. The missing band was located between two bands 
designated Rpnr 7 and Rpnr 8 which had isoelectric points of pH 4.5 and pH 4.7 respectively. 
The blotting patterns of culture filtrates treated with 3 kD membranes showed a very high 
immunological reactive background which interfered with the identification of distinct 
antigenic protein bands. In comparison, the patterns obtained with the 10 kD cut off filtration 
were found to be much clearer. No components reactive with the test antiserum were visible in 
the membrane filtrates, even when an appropriate amount of protein (5 pg/ lane) was applied. 
The reproducibility of processing was also investigated using a 4 week old batch Z21 of strain 
FHT 82. A shake culture consisted of 60 flasks was pooled and then filtered using a 0.45 pm 
membrane. The batch was then divided into four x 11 aliquots which were processed separately 
and then analysed by lEF, using protein and immunological detection (silver stain and blotting). 
No differences in the protein composition between the aliquots was observed. The isolation of 
raw culture filtrate proteins is reliable and not a cause of variations in lEF or lEF / blotting 
pattern.
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Figure 10 : Differences in protein patterns of culture filtrate proteins from Aspergillus 
fumigatus treated with two different ultra filtration systems and separated in isoelectric 
focusing pH 3 -9
M initan treated M acrosep treated 
antigens antigens
4 - pH 3
^  pH 5.5
these  
bands are 
not
v isib le  in  
M acrosep  
treated 
antigens
< - p H 9
Conditions of 
electrophoresis:
5 pg culture filtrate proteins 
> 10 kD
pH gradient pH 3 - 9 
separation : 2000 V, 500 Vh 
detection : silver stain 
method
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3.1.2. Quality of cattle sera
Sera from cattle were obtained from 4 different institutions
• Rinderunion West (RUW), Bitburg, Rheinland-Pfalz, Germany
• Besamungsverein Nord (BVN), Lindenhof, Schwabisch - Hall, Baden - Württemberg, 
Germany
• Rindergesundheitsdienst, Stuttgart, Baden - Württemberg, Germany
• North East Surrey College of Technology (NESCOT), Surrey, Great Britain
Defined criteria:
• Sera were obtained according to "2.13. Sera from cattle", p. 157
• No uncontrolled thawing occurred during transport or storage (< -18°C)
• No indication of excessive contamination by haemoglobin
The sera were divided into three groups:
• normal sera
• suspected sera
• positive sera
(no mycotic abortion suspected)
(abortion had occurred but there was no or an unclear 
diagnosis)
(mycotic abortion diagnosed)
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3.1.3. Peptone media
The protein and antigen composition of an uninoculated complex peptone-containing medium 
which has a similar composition to cow serum (cow like medium) was investigated for 
crossreactivity to the rabbit a  Aspergillus fumigatus serum. A sample of the non inoculated 
medium was treated according to standard procedure (> 10 kD cut , > 95% reduction of 
components passing 10 kD membrane). In silver stained pattern (5 pg/ lane) no protein bands 
were detectable. The lEF blotting pattern was also negative indicating that no interfering 
proteins remain in culture filtrate preparations. Protein and antigen pattern were presented at 
Figure 44, p.232 and Figure 62, p.273.
3.1.4. Standard curves for protein determination
Two methods for protein determination (Bradford method and Bichinoninic acid (BCA) 
method) were calibrated using bovine serum albumin as a standard. The Bradford method is 
based on the dye binding properties of Coomassie Brilliant blue whereas the BCA method is 
based on a redox reaction and the formation of a coloured low molecular weight dye complex.
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3.1.4.1. Example of standard curve for Bradford protein determination
Figure 11 : Example of standard curve of bovine serum albumin in the Bradford 
method
Extinction
0,25 -  
0,2 -  
0,15 -
0,05 -
0,02 0,04 0,06 0,08 0,1 0,12 0,140
Concentration bovine serum albumin (mg/cm^) 
Extinction = 465 nm
Concentration of protein = (Extinction - 0.020) / 2.260 
Correlation coefficient = r  ^= 0.999 
Description of method see "2.4.3. Bradford method", p. 132.
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3.1.4.2. Example of standard curve for Bichinoninic acid protein determination
Figure 12 : Example of standard curve of bovine serum albumin in the Bichinoninic 
acid method
Extinction
1,4
1,2
1
0,8
0,6
0,4
0,2
0
0,40,2 0,30,10
Concentration bovine serum albumin (mg/cm^)
Extinction = 570 nm
Concentration of protein = (Extinction + 0.017) / 0.349 
Correlation coefficient = r  ^= 0.997
Description of method see "2.4.4. Bichinoninic acid (BCA) method", p. 132.
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3.1.5. Suitability of different protein determinations
Because of the different mechanisms acting in different protein determinations, four different 
methods as described in the section "2.4. Determination of protein content", p. 131, were 
applied to a group of processed Aspergillus fumigatus proteins. All determinations were done in 
triplicate, and individual calibration curves were used for the Bradford and BCA methods 
(Figure 11, p. 167 and Figure 12, p. 168). The strong variations in apparent protein 
concentrations can be seen between the different methods which can be explained by varying 
sensitivities of the test systems to different components in the protein mixtures (Table 21, 
p.171).
The BCA method was selected as the standard method for the determination of protein levels 
due to its greater sensitivity than the Bradford method (abs Ipg BSA = absorbance 0.225 in the 
Bradford test and absorbance = 0.371 in BCA test). The BCA is easy to perform and for this 
reason it was preferred to the determination of dry mass. The determination of protein content 
with UV method is in general inaccurate for protein mixtures due to different absorption 
coefficients of different proteins.
The BCA method however is also sensitive to glucose (Smith and Krohn et al 1985) with 1 
pg/pl bovine serum albumin giving an absorption = 0.303, whereas 1 pg/pl glucose gave an 
absorption of 0.634. Therefore, the BCA test could not be used for untreated early culture 
samples and was only used to determine the protein contents of washed and concentrated 
glucose free culture filtrate samples.
Reproducibility of BCA test was examined on culture filtrates from different Aspergillus 
species grown in batch Z18. The results are summarised in Table 22, p. 172. Even differences 
up to 0.5 mg /ml were found in one example (batch Z18, FHT 45) reproducible protein contents 
however were found in the other samples. The difficulties of handling protein solutions (high
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viscosity, precipitation after thawing) must be kept in mind and may be responsible for some of 
these variations.
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Table 21 : A comparison of the protein contents of processed culture filtrates from 
Aspergillus fumigatus by the BCA, Bradford, UV absorption and drymass method
Protein concentration using
Strain of BCA ±SD Bradford ±SD UV ±SD drymass ±SD
Asper­ method method absorption
gillus mg/ml mg/ml mg/ml mg/ml mg/ml mg/ml mg/ml mg/ml
fumigatus
Z15/48 0.79 0.21 0.14 0.01 1.90 0.14 2.91 0.08
Z15/83 0.56 0.01 0.18 0.01 1.79 0.03 1.24 0.03
Z15/84 0.39 0.02 0.04 0.01 1.99 0.06 1.45 0.10
Z15/85 0.40 0.01 0.10 0.01 0.89 0.06 1.28 0.01
Z15/93 0.67 0.04 0.20 0.01 2.28 0.04 1.62 0.07
Z18/82 1.03 0.01 0 1.01 0.02 2.13 0.04
Z19/82 0.89 0.01 0 0 1.01 0.03
Z20/82 0.23 0.01 0.09 0.01 0.56 0.01 1.29 0.07
Z21D/82 0.340 0.002 not done not done 0.50 0.01 0.90 0.01
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Table 22 : Intra-test variations of processed culture filtrates from different Aspergilli 
species of batch Z18 using the Bichinoninic acid (BCA) method
Batch
Z18
Aspergillus species Protein determination 
1
Protein determination 
2
strain FHT 45 Aspergillus clavatus 2.74 pg/pl±0.11 3.24 pg/pl ± 0.04
strain FHT 46 Aspergillus fischeri 1.07 pg/pl ± 0.04 1.25 pg/pl ± 0.04
strain FHT 50 Aspergillus niger 0.34 pg/pl ± 0.01 0.32 pg/pl±0.01
strain FHT 52 Aspergillus terr eus 3.58 pg/pl ± 0.07 3.14 pg/pl±  0.02
strain FHT 82 Aspergillus fumigatus 0.88 pg/pl ± 0.02 1.03 pg/pl ± 0.01
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3.1.6. Validation of rabbit antibody detecting ELISA
The ELISA technique was optimised for coating antigen and conjugate concentration using a 
chequer board titration (Figure 13, p. 174), over a dilution range of hyperimmune rabbit a- 
Aspergillus fumigatus serum of 1:10 - 1:5000.
Three different types of microtiter plates from two suppliers were tested in these assays the 
results of which are shown in Figure 14, p. 175. As a result of these determinations "Nunc high 
binding microtiter plates" (Nunc, Germany) coated with 20 pg/ml antigen solution were used 
for the rabbit antibody detecting ELISA. The other test plates all require a higher antigen 
concentration to reach the saturation level. A conjugate dilution of 1:500 (a-rabbit IgG (whole 
molecule) peroxidase conjugate , Sigma ) was used to quantify rabbit antibodies bound to the 
antigen.
Controls using normal rabbit sera were found within the range of reagent blanks.
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Figure 13 : Chequer board titration using "Nunc high binding microtitre plates"
extinction
1:100
conjugate
1:1000
1:5000
1:10
:50
1:100 
1:500
1:1000 antibody 
1:5000
1:10000
coating antigen =10 pig/ml
coating antigen: batch Z15, FHT 85, 10 gg/ml; antibody: hyperimmune polyclonal rabbit a-Aspergillus fumigatus 
antiserum, conjugate: anti-rabbit IgG (whole molecule) horse radish peroxidase
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Figure 14 : Determination of optimal antigen concentration for ELISA with 3 different 
micro-titre plates
extinction at 405 nm
2,5 _
ELISA plates 
Greiner high binding.
Greiner standard
Nunc high binding.0,5 -
0,10,05 0,150 0,2
Concentration of coating antigens (pg/pl)
coating antigen; batch Z15, FHT 85; antibody: hyperimmune polyclonal rabbit a-Aspergillus fumigatus antiserum, 
conjugate: anti-rabbit IgG (whole molecule) peroxidase, 1:500
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3.1.7. Validation of cattle antibody detecting ELISA
To adjust an ELISA system for the measurement of cattle antibodies different blocking agents, 
buffer systems, coating antigen concentrations, serum and conjugate dilutions were tested.
A panel of different blocking agents and two different buffer systems were tested with and 
without addition of 10% foetal calf sera (PCS). To do this only blocking agents were applied 
and normal pooled bull sera were tested for binding. The bound antibodies were detected with 
a-bovine IgG horseradish peroxidase conjugate at an dilution of 1:200. This dilution was 
selected to get measurable extinction with all blocking agents in the panel. The dilution of 
secondary antibody was 1:5000 in the final procedure. The results of screening of blocking 
agents and buffer systems were summarised in Figure 15, p. 178. The addition of 10 % foetal 
calf sera (ECS) resulted always in a reduced non-specific binding. A 10 mM PBS pH 7.2 
buffer system containing 10% PCS and 0.5% gelatine as a blocking agent was found to be the 
best combination.
To adjust the optimal antigen loading concentration a pool of all the available cattle sera was 
prepared. Protein concentrations in a range of 0.1 to 10 pg/ml were tested for all 4 antigen 
preparations and the results are summarised in Figure 16, p. 179. An antigen concentration of 5 
pg/ml (0.5 pg/ well) was selected. The curves indicate a plateau in this range and slight 
variations in coating antigen concentration will not change extinction to a great extend. With 
respect to purified antigens which were also used in this system the 5 pg/ml was selected.
Serum and conjugate dilutions were tested in chequer-board titration as shown in Figure 17, 
p. 180. Pooled positive and normal cattle sera were used to selected optimal conditions for each 
antigen used (Z21A, strain FHT82; Z20, strain FHT 82; Zl l ,  strain FHT48 and purified Rpnr 
3). The results are listed in Table 23, p.l81 to Table 26, p. 182. A conjugate dilution of 1:500 
had to be used to show differences between the positive and normal serum pools in some cases 
with antigens from batch Zl l ,  strain FHT 48 and batch Z21A, batch FHT 82 which were not
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used in further tests because of the large amounts of conjugate required. A 1:1000 dilution of 
the test serum and 1:1000 dilution of conjugate was found to be optimal using three batches 
(batch Z l l ,  Z20 and Z21). Using batch Z21 A, FHT 82 as the coating antigen a higher dilution 
of conjugate also gave similar results, but a conjugate dilution of 1:1000 was selected to 
provide identical conditions for all three antigen preparations. A 1:500 dilution of serum and a 
1:1000 dilution of conjugate was used for the purified Rpnr 3 coating antigen.
No reaction was found between antigen and secondary antibody with a-bovine IgG horseradish 
peroxidase conjugate (absorbance <0.02).
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Figure 15 : Selection of blocking reagent and buffer system for the cattle antibody 
detecting ELISA
extinction
3 -
2,5 -
2 -
1,5 -
1 -
0,5 -
0 -
Buffer systems
■  BBS pH 8.5 
g  BBS pH 8.5, 10% PCS 
□  ?BS pH 7.2
PBS pH 7.2, 10% PCS
Blotto Tween Tween PCS PCS OVA OVA OVA ESA ESA ESA gela- gela- with-
5% 20 20 1% 2% 0.2% 0.5% 1% 0.2% 0.5% 1.0% tine tine out
0.02% 0.05% 0.2% 0.5% block
Blocking reagent
coating antigen:/; antibody: normal pooled bull sera, conjugate: anti-bovine IgG (whole molecule) horse radish 
peroxidase, 1:200, blank: corresponding buffer, A. = 410 nm
Legend:
BBS
PBS
PCS
OVA
BSA
borate buffered saline, pH 8.5 
phosphate buffered saline, pH 7.2 
foetal calf sera 
ovalbumin
bovines serum albumin
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Figure 16: Selection of coating antigen concentration in cattle antibody detecting ELISA
extin ction
Z l l ,  FH T 48
-  Z 2 0 ,F H T 8 2
0,6  - -
Z 21, FH T  82
0 ,4  --
-  Rpnr 3 -o
6 83 4 5 7 9 100 1 2
antigen  concentration [pg/m l]
antibody: cattle serum: 1:1000 (pool of all sera); conjugate: anti cattle IgG(whole molecule) horse radish 
peroxidase 1:1000
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Figure 17 : Example of a chequer board titration of cattle serum pool positive to mycotic 
abortion
conjugate
1:500 
1:1000 
1:5000 
1:10000
1,5 extinction
1:2000
1:1000
1:500
1:5000 serum
coating antigen: batch 20, FHT 82; 0.5 jig / well; antibody: cattle serum, positive pool; conjugate: anti cattle 
IgG(whole molecule) horse radish peroxidase
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Table 23 : Differences between extinction of positive and negative pool using batch Z20, 
strain 82 as a coating antigen
conjugate dilution |
anti­
body
dilution
1:500
pos
1:500
dif
1:500
nor
1:1000
pos
1:1000
dif
1:1000
nor
1:5000
pos
1:5000
dif
1:5000
nor
1:10000
pos
1:10000
dif
1:10000
nor
1:50 over over over over over over 2,179 0,397 1,782
1:100 over over over over 2,294 0,417 1,877 1,69 0,493 1,197
1:500 2,198 1,062 1,136 1,979 1,015 0,964 1,185 0,627 0,558 0,813 0,445 0,368
1:1000 1,621 0,55 1,071 0,692 0,407 0,285 0,462 0,257 0,205
1:5000 0,185 0,108 0,077 0,258 0,208 0,05 0,151 0,098 0,053 0,107 0,068 0,039
1:10000 0,227 0,154 0,073 0,106 0,106 0 0,077 0,044 0,033 0,038 0,032 0,006
nor =  normal pool pos = positive pool d if =  difference between positive and negative pool over =  over range
black = selected dilution
Table 24 : Differences between extinctions of positive and negative pool using batch Z ll,  
strain 48 as a coating antigen
conjugate dilution
antibod
y
dilution
1:500
pos
1:500
dif
1:500
neg
1:1000
pos
1:1000
dif
1:1000
neg
1:5000
pos
1:5000
dif
1:5000
neg
1:10000
pos
1:10000
dif
1:10000
neg
1:100 over over over over 2,75 0,493 2,257 2,386 0,495 1,891
1:200 over over over over 2,418 0,779 1,639 1,987 0,501 1,486
1:500 1,918 0,451 1,467 2,005 0,884 1,121 1,682 0,869 0,813 1,396 0,682 0,714
1:1000 1,140 0,849 0,291 0,938 0,556 0,382 0,829 0,455 0,374
1:2000 0,599 0,561 0,038 0,647 0,471 0,176 0,522 0,374 0,148 0,472 0,286 0,186
1:5000 0,092 0,278 -0,186 0,229 0,232 -0,003 0,185 0,21 -0,025 0,185 0,153 0,032
1:10000 0,216 0,69 -0,474 0,189 0,288 -0,099 0,121 0,186 -0,065 0,12 0,135 -0,015
nor =  normal pool pos =  positive pool d if = difference between positive and negative pool over =  over range
black = selected dilution
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Table 25 : Differences between extinctions of positive and negative pool using batch Z21A, 
strain as a coating antigen
conjugate dilution
antibod
y
dilution
1:500
pos
1:500
dif
1:500
neg
1:1000
pos
1:1000
dif
1:1000
neg
1:5000
pos
1:5000
dif
1:5000
neg
1:10000
pos
1:10000
dif
1:10000
neg
1:100 over over over over over 2,048 2,628 0,994 1,634
1:200 over over over 1,669 2,364 1,104 1,26 2,079 1,099 0,98
1:500 1,547 0,87 0,677 1,667 0,802 0,865 1,522 0,889 0,633 1,528 1,046 0,482
1:1000 1,021 0,67 0,351 0,888 0,586 0,302 0,893 0,645 0,248
1:2000 0,727 0,478 0,249 0,37 0,204 0,166 0,446 0,269 0,177 0,486 0,377 0,109
1:5000 0,006 -0,061 0,067 0,013 -0,085 0,098 0,173 0,089 0,084 0,222 0,212 0,01
1:10000 0,232 0,115 0,117 0,034 -0,062 0,096 0,147 0,051 0,096 0,209 0,194 0,015
nor =  normal pool pos =  positive pool d if =  difference between positive and negative pool over =  over range
black = selected dilution
Table 26 : Differences between extinctions of positive and negative pool using Rpnr 3 as a 
coating antigen
conjugate dilution
antibod
y
dilution
1:500
pos
1:500
dif
1:500
neg
1:1000
pos
1:1000
dif
1:1000
neg
1:5000
pos
1:5000
dif
1:5000
neg
1:100 over 1,982 over 1,916 2,489 1,101 1,388
1:200 2,308 1,073 1,235 2,198 1,17 1,028 1,775 1,04 0,735
1:500 1,373 0,892 0,481 0,962 0,678 0,284
1:1000 0,660 0,356 0,304 0,485 0,374 0,111 0,474 0,367 0,107
1:2000 0,328 0,097 0,231 0,146 0,037 0,109 0,249 0,084 0,165
1:5000 0,133 0,014 0,119 -0,05 0 -0,05 0,1 0,068 0,032
1:10000 0,116 0,009 0,107 -0,1 -0,1 -0,01 0,021 0,006 0,015
nor =  normal pool pos = positive pool d if = difference between positive and negative pool over =  over range
black = selected dilution, duplicates only!
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Figure 18 : Serum dilution curves of normal and positive cattle serum pools (Mycotic 
abortion) using batch Z20, FHT 82 as coating antigen
extinction
over -r-
positive pool
normal pool
conjugate 1:1000
10 11 128 9 13 146 7
serum dilution -log 2
coating antigen: batch 20, FHT 82; 0.5 pg / well; antibody: cattle serum, positive pool; conjugate: anti cattle 
IgG(whole molecule) horse radish peroxidase 1:1000
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Figure 19: Serum dilution curves of normal and positive cattle serum pools (Mycotic 
abortion) using batch Z ll, FHT 48 as coating antigen
extinction
over -,------□-
■m—  positive pool
2,5 -
normal pool
conjugate 1:1000
serum dilution -log 2
coating antigen: batch 11, FHT 48; 0.5 pg / well; antibody: cattle serum, positive pool; conjugate: anti cattle 
IgG(whole molecule) horse radish peroxidase 1:1000
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Figure 20 : Serum dilution curves of normal and positive cattle serum pools (Mycotic 
abortion) using batch Z21, FHT 82 as coating antigen
extinction
over
«—  positive pool 
-A—  normal pool
2,5
conjugate 1:1000
0,5 -
129 10 11 136 8 147
serum dilution -log 2
coating antigen: batch 21 A, FHT 82; 0.5 |ig / well; antibody: cattle serum, positive pool; conjugate: anti cattle 
IgG(whole molecule) horse radish peroxidase 1:1000
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Figure 21 : Serum dilution curves of normal and positive cattle serum pools (Mycotic 
abortion) using purified Rpnr 3 as coating antigen
extinction
conjugate 1:1000 positive pool 
normal pool
0,5 -
serum dilution -log 2
coating antigen: Rpnr 3; 0.5 pg / well; antibody: cattle serum, positive pool; conjugate: anti cattle IgG(whole 
molecule) horse radish peroxidase 1:1000; duplicates only
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3.1.8. Determination of optimal antigen concentration for immunodiffusion
The method of immunodiffusion was described in "1.4.2. Double immunodiffusion", p.50. The 
antibody (undiluted) was in the centre well of the pattern and antigen solutions were filled in 
the surrounding wells. The results are shown in Table 27, p. 187. It can be seen that only one 
band detected down to an antigen concentration of 10 mg/ml
Table 27 : Determination of optimal antigen concentration for immunodiffusion test
Antigen concentration Precipitates
40 pg/pl strong, one band
20 pg/pl strong, one band
10 pg/pl strong, one band
5 pg/pl weak, one band
2.5 pg/pl very weak, one band
1.25 pg/pl /
0.625 pg/pl /
Antigen
Antibody
strain FHT 82, batch Z21
rabbit anti-Aspergillus fumigatus (AKl)
An antigen concentration of 10 pg/pl was selected for all further experiments.
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3.1.9. Standard curves for determination of molecular weights
A standard mixture was applied to every SDS-PAGE gel used to determine molecular weights. 
The calibration curve was calculated individually as described in "2.11.2.3. Determination of 
molecular weight", p. 147
Marker proteins are listed in Table 15, p. 128. Molecular weights of unknown proteins were 
determined by intrapolation. Results shown in Figure 22, p. 189 a typical non linear curve. 
Linear regressions of log (molecular weight) gave a worse correlation, therefore intrapolation 
between neighbouring marker proteins was selected.
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Figure 22 : Example of standard curve for molecular weight determination in SDS-PAGE 
in gels with T=12.5% using PhastSystem®and Pharmacia marker of low molecular range
molecular 
weight (kD)
100
42 3 5 6 80 1 7
distance from cathode (cm)
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3.1.10. Standard curves for determination of isoelectric points
A standard mixture (lEP 3.6 - 6.6, lEF-ME, Sigma) was applied to every lEF gel used to 
determine isoelectric points. The calibration curve was calculated individually as described in 
"2.11.1.3. Isoelectric point determinations", p. 144.
Marker proteins are listed in Table 17, p. 145. The isoelectric points of unknown proteins were 
determined by intrapolation. An example of a typical standard curve is shown in Figure 23, 
p.l91. The curve is non linear and represents the individual formation of the pH gradient of the 
lEF gel.
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Figure 23 : Example of a standard curve for determination of isoelectric points (lEP) in 
isoelectric focusing (lEF) from pH 4 to 6.5 (lEF 4-6.5) using PhastSystem ® and Sigma 
IEF-M2 marker proteins
IE?
7
6,5
6
5,5
5
4,5
4
64 8 100 2
distance to cathode (cm)
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3.1.11. Selection of pH range for isoelectric focusing
Two pH ranges (pH 3-9 and 4-6.5) were tested for the separation of culture filtrate antigens. 
The range pH 4-6.5 was selected for all further separations as this gave higher resolution of the 
proteins due to the shallower pH gradient. An example is given in Figure 24, p. 192.
Figure 24 : Comparison of the two possible pH ranges for analytical isoelectric 
focusing (IFF)
pH=4.0 pH=3.0
pH=6.5 pH=9.0
separation: pH gradient 3-9 (A), 4-6.5 (B), 2000 V; 500 Vh; 5 pg culture filtrate proteins >10 kD / lane, detection: 
silver staining method
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3.1.12. Identification of bands in isoelectric focusing and blotting
In order to compare the lEF patterns obtained from different gels, it was necessary to identify 
identical bands on each gel. This could be achieved by determination of isoelectric points of 
each protein (lEP) using a marker mixture with known isoelectric points. In early experiments 
using lEF gels ranging from pH 3-9, it was found that reliable identification was not possible 
by this method.
As an alternative, the band patterns were compared with those of 3 known culture filtrates, 
whose bands had been arbitrarily numbered as Rpnr (n). The appearance of bands on test gels 
were expressed in relation to these reference patterns. This system was used for both silver- 
stained and blotted gels. The reference proteins were derived from two batches of Aspergillus 
fumigatus strain FHT 82 and one batch of Aspergillus fumigatus strain FHT 85. The gel 
patterns of batch Z15 strain FHT 82 and batch Z15 strain FHT 85 were virtually identical, even 
though they were from two different strains, whereas strong deviations were found between the 
protein bands of these two batches and the other batch of strain FHT 82 (i.e. batch Z21). This 
fact will be discussed in more detail in "3.2.2. Growth of Aspergillus fumigatus strain FHT 82 
in a peptone containing medium "p. 231.
The majority of the bands detected in these investigation were found in at least one of these 
batches. The parameters of the three batches are summarised in Table 28, p. 195 and the 
resulting patterns in lEF 4-6.5 silver staining and blotting are shown in Figure 25, p. 196 and 
Figure 27, p. 198, and spreadsheets of both are given in Figure 26, p. 197 and Figure 28, p. 199. 
In Figure 25 and Figure 27 original patterns were scanned and numbered. If numbers appear 
without a visible band this is due to the scanning method, as these bands were only visible on 
photographs of the gels.
The results of two lEP determinations are given with their corresponding patterns in Figure 26, 
p. 197. It can be seen that identical lEP values were sometimes obtained for different protein
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bands for example Rpnr 6 (Z21; FHT 82) and Rpnr 6a (Z15; FHT 85) both have an identical 
isoelectric point of pH 4.44. Also different isoelectric points were found for the same band. 
This was due to the limitations of the techniques used as the resolution limit of these methods is 
stated as 0.02 pH units (Righetti 1983). It is however not possible to achieve lEP values for 
proteins with this precision, as the isoelectric points of commercially available marker proteins 
can vary up to 0.1 lEP units. Nevertheless protein bands with less difference in lEP values can 
be reproducibly separated, and can be identified by this reference system.
The most reliable results were obtained when protein samples were positioned during a run in 
tracks between the reference proteins, as pH gradients were not always homogenous across the 
whole width of the gel.
During the investigation it was found that both pattern used for the reference standards were 
also typical of different patterns appearing during the growth of Aspergillus fumigatus in 
Czapek-Dox media. The patterns were therefore designated as early type (type A) and late type 
(type B). The characteristics of type A and type B as follows:
Type A was found in batches Z18, Z19 and Z21 and was characterised by having
- more proteins that focused at alkaline pH than the band patterns seen in type B
- Rpnr 3 was either absent or present in low amounts
- Rpnr 11 and 12 were present at high concentrations
- additional antigenic bands with lEP below pH 5. 0 (Rpnr 15a-Rpnr 16) were present 
Type B was found in batches Z15, Z20, Z23 and Z24 and was characterised by showing
- no antigens that focused above pH 5.0 (> Rpnr 14)
- high levels of Rpnr 3 were always present
- Rpnr 11,12 and 13 were absent or only present in very low concentrations
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Table 28 : Cultural parameters of iht Aspergillus fumigatus cultures used for the 
identification of protein bands in culture filtrate proteins.
Strain Batch Age/d Designation
Aspergillus fumigatus FHT 82 Z15 33 Type B 
SI, "late"
Aspergillus fumigatus FHT 85 Z15 30 Type B 
SI, "late"
Aspergillus fumigatus FHT 82 Z21 30 Type A 
SII, "early"
Medium
Temperature
Agitation
Inoculum
Fraction
Designation
Czapek Dox, 2 % glucose, 90 ml in 300 ml flask
37°C
125 rpm
1 conidium / ml(fmal concentration)
> lOkD
SI = standard reference proteins I of Aspergillus fumigatus, they 
appear in the "late" growth phase (Type B)
SII = standard reference proteins II of Aspergillus fumigatus, 
they appear in the "early" growth phase (Type A)
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Figure 25 : Numbering of reference patterns of culture filtrate proteins of Aspergillus 
fumigatus FHT 82 separated by isoelectric focusing 4-6.5 and identified by silver stain
strain FHT 82 batch Z15, type B 
standard I (SI)
5.5 X magnification
strain FHT 82 batch Z21, type A 
standard II (SII)
4 X magnification
anode
cathode
anode
■ 15d
.15e
16
cathode
separation: pH gradient 4-6.5; 2000 V; 2.5 mA, 500 Vh, 5 pg culture filtrate proteins >10 kD / lane, 
detection: silver stain method
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Figure 26 : Reference pattern of culture filtrate proteins of Aspergillus fumigatus 
separated by isoelectric focusing 4-6.5 and identified by silver stain in IFF 4-6.5 using 
silver stain method
Rpnr lEP 1 2 3 lEP
0
1 4.04-4.14 ooo 00 000 4.12
2 4.18 00 000 00 4.18
3 4.34 ooo 00 4.34
4 4.41 00000 000 4.38
5 4.42 000 00
6 4.44 Pooo 000 000 1 4.43
6a l-_ 7 ^ 00 00 4.44
6b 00 00 4.46
6c
7 4.52 100001^ ^ 4.52
7a 4.59 000
7b 4.63 000
8 4.66-4.71 00[oooo| 4.62-4.69
9 4.72-4.78 00Pooo 000 4.71-4.77
9a 4.79 00 0 4.78
10 4.81 4.81
11 4.87 ooo 000 000 4.87
11a 4.89 1 000 1
12 00 00 4.90
13 1 000 1 000 4.96
14 00 5.01-5.06
15a 4.97 1 000 1 1
15b 5.10 000
15c 5.20 000
15d 5.77 00
15e 6.10 000
16 6.45 000
Stainin: intensity
ooo 00
1 = strain FHT 82, batch Z21
2 = strain FHT 82, batch Z15
3 = strain FHT 85, batch Z15
5 pg / lane
lEP = Isoelectric point
very strong medium weak very weak unclear
identification
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Figure 27 : Numbering of blotted reference patterns of culture filtrate proteins of 
Aspergillus fumigatus separated by isoelectric focusing 4-6.5 and identified with 
hyperimmune rabbit Aspergillus fumigatus serum
strain FHT 82 batch Z15 
4 X  magnification
strain FHT 82 batch Z21 
4 X magnification
anode anode
2 ^  _ 1
3 .— 0^# *
ôb-SSPv ' I w
8 { 0 0 ^ 9
12 _
15c—
15e
16 _
cathode cathode
separation: pH gradient 4-6.5, 2000 V; 2.5 mA, 500 Vh, 5 pg culture filtrate proteins >10 kD / lane, blotting: 0.6 
mA/cm^, 10 min, detection: polyclonal hyperimmune rabbit a-Aspergillus fumigatus antibody (AK3)
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Figure 28 : Reference patterns of culture filtrate proteins of different batches of 
Aspergillus fumigatus separated by isoelectric focusing 4-6.5 and in lEF 4-6.5 blotted with 
rabbit anti-Aspergillus fumigatus
very
strong
1
ODD
00
00
00
000
Batch 
2 3
000
00
OOOi- o
medium
ooooI
00
00
ooo
00
weak
1 = batch Z21, strain FHT 82
2 = batch Z15, strain FHT 82
3 = batch Z15, strain FHT 85
amount of 
protein:
5 pg /lane
very
weak
unclear 
identification
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3.1.13. Overlay method
One major problem in interpretation of gel - or blotting patterns in lEF / lEF blotting is the 
correct identification of bands with identical properties. Due to the " waving" pH gradients the 
formed bands found at equal distances from electrodes are not necessarily found at the same 
isoelectric point. In order to check the identity of isoelectric points of two bands an overlay 
method was used (see "2.11.4.4. Overlay method", p. 152).
An explanation of the technique is as follows:.
In lane 1 of blotted gel A (Figure 29, p. 201) reactive bands were found in the region of antigen 
Rpnr 3 which is also visible in lanes 3 - 5. In order to confirm the identities of these bands the 
proteins separated in lane 1 were applied in an appropriate concentration to the whole width of 
a second isoelectric focusing gel (gel B) at the anodic position in. Samples of gel A were also 
applied on the gel (gel B) in middle position. After electrophoresis the suspected bands were 
seen as continuous lines, whereas the bands of the samples applied in middle position appeared 
as the their normal pattern.
In this case, the suspected band visible in lane 1 was found to be not identical with Rpnr 3.
The method was also used to compare silverstained gels. In Figure 30, p.202 two different 
protein samples were compared to each other. The samples used in this run were early and late 
phase of Aspergillus fumigatus. The early phase proteins were applied on the whole width of 
gel (protein pattern 1) and late phase proteins were applied in discrete lanes (protein pattern 2). 
It can be seen, that the majority of protein bands were found in both patterns but in various 
concentrations. It was not possible to apply the "overlay" pattern in the same concentration as 
the sample applied in discrete lanes because the applicator used for continuos application 
contained only 3 pi for the whole width of gel, therefore the results were rather qualitative than 
quantitative.
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Figure 29 : Use of overlay method for the exact identification of bands in blotting pattern
gel A
suspected
band rpnr 3
gelB
overlay 
= sample 
lane 1
suspected
band
rpnr 3
lane 1 lane 2 lane 3 lane 4 lane 5 lane 6
Separation: pH gradient 4-6.5, 2000 V; 2.5 mA, 500 Vh, 5 pg/lane; blotting: 0.6 mA/cnT", 10 min; detection : 
immunological detection see "2.11.4.3. Procedure of immunological detection", p.l52 (hyperimmune polyclonal 
rabbit a-Aspergillus fumigatus antiserum)
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Figure 30 : Use of overlay method for the comparison of protein pattern in silver stained 
isoelectric focusing
pnr 2 
rpnr 3
rpnr  4
p r o t e i n  p r o t e i n
p a t t e rn  p a t t e rn
1 2
ca  3 p g  5 p g
Separation: pH gradient 4-6.5, 2000 V; 2.5 mA, 500 
Vh, 5 |ig protein / lane; detection: silver staining
Legend:
protein pattern 1 overlay {Aspergillus fumigatus proteins of early (type A) phase)
protein pattern 2 sample {Aspergillus fumigatus proteins of late (type B) phase)
(Early and late type proteins and antigens were defined in " 3.3.6. A summary of the 
immunological reactivities of Aspergillus fumigatus culture filtrate proteins from different 
batches and from different strains", p.290.
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3.1.14. Evaluation of blocking agents for immunoblotting using cattle sera as a probe
A range of 5 common blocking agents was tested for their suitability for use as blocking agents. 
Small discs ( 0  5 mm) of nitrocellulose (nc) and Immobilon ® (im) were blocked for 1 h at 
37°C. Antibody detection was done according to the standard procedure (see "2.11.4.3. 
Procedure of immunological detection", p. 152) using a 1:2 dilution of cattle serum S0221 
(slaughter house) in 5% blotto PBS pH 7.2. The intensity of staining was compared with that of 
a blank without primary antibody. The results are shown in Table 29, p.203. It can be seen that 
5% blotto was the best blocking agent for both nitrocellulose and Immobilon® showing lowest 
degree of unspecific reactions.
Table 29 : The effectiveness of different blocking agents in the blotting of cattle antibodies
Blocking agents in 
PBS 7.2
Immobilon'^
membrane
Nitrocellulose
membrane
Blotto 5% -b +
Foetal calf sera (FCS) 10% + +++
Tween 20 0.05% 4—b -b-b
Ovalbumin 0.2% +++ -b
No blocking -b +++
Primary antibody 
Secondary antibody
1:2 80221 (slaughter house) in 5% Blotto PBS 7.2
1:500 rabbit anti-bovine IgG (whole molecule ) peroxidase
conjugate
Legend:
+
++
+++
weak reaction 
medium reaction 
strong reaction
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3.1.15. Estimation of the cattle serum dilution to be used in blotting
Similar to the procedure used in "2.11.4.3. Procedure of immunological detection", p. 152, small 
discs ( 0  5 mm) were used. 2 pi of early (type A) and late (type B) phase proteins (see "3.1.12. 
Identification of bands in isoelectric focusing and blotting", p. 193) were applied to the discs at 
a concentration of 12.5 pg/pl which achieved an approximate antigen density of 1.25 pg/mm^. 
The antigen density of a band separated by isoelectric focusing was found to be in the same 
concentration range (5 mm broad, 0.5 mm thick, 5 pg application, 2 major components). A 
serial dilution of antibody in 5% blotto-PBS was incubated and detected as described in 
standard procedure ("2.11.4.3. Procedure of immunological detection", p. 152).
Results are shown in Table 30, p.205. Early and late phase proteins were found to represent two 
different compositions of crude culture filtrate preparations ("3.3.6. A summary of the 
immunological reactivities of Aspergillus fumigatus culture filtrate proteins from different 
batches and from different strains", p.290) however no differences in reactivity could be 
detected between the antigen samples. A serum dilution of 1:4 was selected to obtain highest 
sensitivity in detecting the binding of cattle antibodies.
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Table 30 : Determination of the optimal cattle serum dilution for immunoblotting on 
Immobilon ® and nitrocellulose membranes
serum dilution Immobilon'^
membrane
Nitrocellulose
membrane
1 :2 ++ + 4-4-4-
1 :4 ++ + -b4-4-
1 :8 ++ 4--b
1 : 16 + + 4-4-
1 :32 4- 4-
Coating antigen 
Primary antibody 
Secondary antibody
Legend:
+ /-
+
early (Z15/8 5) / late (Z21A/ 82) phase proteins, 25 pg / disc 
S0221 (slaughter house) 5% Blotto - PBS 7.2 
1:500 rabbit anti-bovine IgG (whole molecule ) peroxidase 
conjugate
very weak reaction 
weak reaction 
medium reaction 
strong reaction
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3.1.16. Detection of proteins and antigens on blotted membranes
Two different methods were used to detect proteins and their antigenic properties. The blot 
patterns were compared to those found in silverstained gels from batch Z l l ,  strain FHT 48 was 
used to demonstrated the differences found.
A direct comparison between silverstained gels and immunoblots was difficult due to slight 
variations that occurred between different runs however a good correlation was found between 
the major components detected (Figure 31, p.208). Some differences were found in the bands 
detected by the different techniques. Band Rpnr 15a was not detected by immunoblotting, but it 
stained strongly with both silver and gold stains. Gold staining was generally weak when 
compared with other methods used. This was very noticeable with Rpnr 4/5 and Rpnr 14 (= 
BS1H4).
The designation B Sill4 means that Rpnr 14 was identified according the Standard 11 (Sll) in 
immunoblotting (B) with hyperimmune polyclonal rabbit a-Aspergillus fumigatus antiserum 
(AK3). The standard Sll has a typical early phase (type A) protein/antigen pattern in isoelectric 
focusing.
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Next page =>
Legend:
Intensity 00
very weak weak
000
medium strong absent
Reference proteins narrow range (Rpnr)
B found in blotting of standard pattern developed with hyperimmune polyclonal
rabbit a-Aspergillus fumigatus antiserum
SI
SIX
0,1,2.
Red lines
standard I, late phase pattern (type B*), 
standard II, early phase pattern (type A*)
Numbers of defined reference bands (Figure 25, p. 196). If B (blotting) is 
missing, the band was not visible in blotted standard I or standard II. The 
number of the band visible in silverstaining was given.
Bands between red lines were found in both SI and SII pattern and were found to 
be identical (BSI8/BSII8; BSI9/BSII10; B SIll/B SIIll; BSI12, BSII12)
* Definition of type A and type B see "3.3.4. Antigenic components in culture filtrates from 7 
batches of Aspergillus fumigatus cultures 4 weeks grown in Czapek-Dox medium", p.274 and 
"3.3.6. A summary of the immunological reactivities of Aspergillus fumigatus culture filtrate 
proteins from different batches and from different strains", p.290.
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Figure 31 : Detection of protein / antigen bands after isoelectric focusing using different 
detection systems
lane 1 2 3 4
amount
Rpnr
silver 
staining 
5 pg
tmmuno 
blotting 
5 pg 
AK3
immuno 
blotting 
5 pg 
AK3
gold- 
staining 
5 pg
BSIO
BSIl
BSI2 0 0 0
BSD
4 00 000
5 00 000
BSI6 000
6a
BSI6b 000 0 0
6c
B7 g g g 0 000 0
7a
7b
BSI8 00
BSII8
BSI9
BSIIIO 000 000 00 0
BSIIll 0
BSIll
BSII12 ÙOOO [ oooo j 0
BSI12
BSII13
BSII14 000 000 000
15a 000 000
15b
BS1115C 00 000 000 00
15d
BS1115e
BS1116
OUÜ
Lane:
1 = silver stained gel
2 = immunological detection on blot
3 = immunological detection on blot
4 = protein staining (gold staining) on blot
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3.1.17. The immunoblotting patterns of Aspergillus fumigatus culture filtrate antigens on 
nitrocellulose and Immobilon® membranes
Blotting pattern of Aspergillus fumigatus culture filtrate proteins (type A and B, see "3.1.12. 
Identification of bands in isoelectric focusing and blotting", p. 193) were tested for their 
immunological reactivity when blotted onto nitrocellulose (nc) and Immobilon® (im) 
membranes. Blotting and staining was done according to the standard procedure (see ."2.11.4. 
Blotting", p. 150)
The influence of different membranes was investigated with two different Aspergillus 
fumigatus culture filtrate preparations showing different band patterns. The definition of early 
(type A) and late (type B) type patterns is given in "3.3.4. Antigenic components in culture 
filtrates from 7 batches of Aspergillus fumigatus cultures 4 weeks grown in Czapek-Dox 
medium", p.274 and "3.3.6. A summary of the immunological reactivities of Aspergillus 
fumigatus culture filtrate proteins from different batches and from different strains", p.290. The 
patterns of early phase antigens were identical on both membranes, whereas strong differences 
where found in late phase antigen patterns. In the latter pattern only Rpnr 3 was found on the 
same position on both membranes. The distinct bands Rpnr 6b and Rpnr 7 were not seen on the 
Immobilon® membrane. Immobilon® also showed an additional band in the range between 
Rpnr 9 and 12.
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Figure 32 : Comparison of two different antigen patterns from Aspergillus fumigatus 
eulture filtrates after blotting onto nitroeellulose and Immobilon ® membranes and 
immunologieal deteetion
rpnr 10
rpnr 11
rpnr 12
rpnr 15c
nitrocellulose Immobilon
typ A pattern 
(early phase)
rpnr 6b
X
k #  T%:::
I  b  r
nitrocellulose Immobilon
typ B pattern 
(late phase)
Separation: lEF, pH gradient 4-6.5, 2000 V; 2.5 mA, 500 Vh, 5 pg/lane; blotting: 0.6 mA/cm , 10 min; detection: 
antibody staining, see "2.11.4.3. Procedure of immunological detection", p.l52, type A and type B see "3.1.12. 
Identification of bands in isoelectric focusing and blotting", p. 193
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3.1.18. The histochemical detection of acid phosphatase activities in culture filtrate and 
somatic proteins from Aspergillus fumigatus
Crude mixtures of somatic and culture filtrate proteins of a panel of Aspergillus fumigatus 
cultures were tested for enzymatic activities using a commercial test system (API ZYM®). Acid 
phosphatase was found to a major enzyme in many preparation and therefore an attempt was 
made to identify the corresponding band(s) by histochemical. To detect enzymatic activity of 
acid phosphatase on the blotting membrane a modification of the method of Rothe 1994 was 
used. To validate the system acid phosphatase (from potato, EC 3.1.3.2, Boehringer Mannheim, 
Germany) was separated by lEF, blotted and developed according to the procedure described in 
"2.11.4.6. Acid phosphatase activity detection on blot", p.l53. The results of validation are 
shown in Figure 33, p.212.
An isoelectric point between pH 4...5 was found in lane 6 and enzymatic activity was detected 
in the controls (lane 1...3) at the same pH range The method was found to be very insensitive 
and negative results may also depend on this fact. The results obtained with Aspergillus 
fumigatus preparations are shown in "3.2.8. Enzymatic activities of crude Aspergillus fumigatus 
protein preparations", p.254.
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Figure 33 : Detection of enzymatic activity of acid phosphatase on membranes after 
isoelectric focusing and blotting
last positive signal
i
4000 ng 400 ng 200 ng 40 ng
acidic phosphatase enzyme stain
5000 ng
marker
stam
pH
4.6
5.1
5.4
5.9
4000 ng 
acidic
phosphatase 
gold stain
separation: pH gradient 4-6.5, 2000 V; 2.5 mA, 500 Vh; blotting: 0.6 mA/cm , 10 min; detection: enzyme 
staining specific for acidic phosphatase / goldstaining
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3.2. Detection of protein components in Aspergillus fumigatus protein preparations
3.2.1. Growth of Aspergillus fumigatus strain FHT 82
3.2.1.1. Changes in the pH value of the culture medium during growth o f Aspersillus fumisatus 
Changes in culture medium pH values have been shown to be related to changes in the protein 
and antigenic composition of a culture, which vary with the stages in growth (Kauffman and de 
Vries 1980). The pH values of two flask cultures and two fermenter cultures containing 
Czapek-Dox broth inoculated with strain FHT 82 were followed during the growth period. In 
fermenter cultures changes in the pH value were measured in samples taken from batches Z12 
and Z13. In shake cultures, samples were taken from each flask of batch Z20 (17 flasks) or 7 
flasks were taken from batch Z23 (67 flasks). Samples taken at various times were pooled to 
minimise the individual variations between cultures. During the growth of batch Z23, glucose 
was added on day 11 to re-establish the initial concentration which had been completely 
depleted by the fungal growth.
The results of these determinations are shown in Figure 34, p.215. The addition of glucose 
itself had no influence on the pH value of the growth medium. The initial drop in pH values of 
Aspergillus fumigatus cultures reported by Kauffinan and de Vries 1980 were not seen and the 
pH values of all cultures rose within 4 or 5 days from the initial value ranging from pH 5.3 - 6.3 
to values of pH 7.3 - 8.3. After this rise in the pH values of the cultures a typical decrease in pH 
value then occurred which was less marked in fermenter cultures than in shake cultures. The 
minimum pH values were reached after 5 to 8 days, and were in a range from pH 5.8 to 8.5. 
Further incubation resulted in a continuously increasing pH value which then stabilised in a pH 
range between 8.3 and 9.6. A decrease in pH value was detected after 20 days incubation in 
batch Z20.
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The addition of glucose to its original starting concentration led to a dramatic decrease in pH 
from 6.8 to 3.4 at this time a large amount of fungal hyphae and conidia were present in the 
flasks. The production of acidic components was similar to the behaviour reported in the 
literature by Kauffrnan and de Vries 1980.
In addition results of the pH changes that occurred in 6 strains of Aspergillus fumigatus grown 
in parallel are given in Figure 35, p.216. Similar curves were obtained for each of the test 
strains with the exception of strain FHT 93, where a gradual increase in pH occurred. The 
lowest pH values were reached after 10 days with strains FHT 48, FHT 82, FHT 84 and FHT 
85, strain FHT 83 reached the minimal pH value after 20 days. The pH values of the lowest 
points on the curves, varied between pH 6.8 (strain FHT 84) and pH 5.0 (strain FHT 82). After 
33 days the final pH values were found to be between 9.0 (strain FHT 84) and 6.4 (strain FHT
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Figure 34 :The change in pH values of 4 batches of Aspergillus fumigatus FHT 82 in 
Czapek-Dox broth
pH
10
9
8
7
batch Z12, fermenter
6 batch Z13, fermenter
batch Z20, flasks
5
batch Z23, flasks with glucose 
addition on day 11
4
-X Kauffinan and de Vries 1980
3
2515 20 3010 350 5
Age of cultures (days)
Flask culture 90 ml medium / 300 ml flask, 1 conidium/ml, 125 rpm, 37°C, no light. Fermenter culture: Z12: 
10000 conidia/ ml, Z13: 10 conidia/ ml, 300 rpm, 37°C, 2.5 1/min aeration
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Figure 35 : The changes in the pH values of culture filtrates from 6 strains of Aspergillus 
fumigatus during growth in Czapek-Dox broth
pH
15 20 250 5 10 30 35
Age of cultures (days)
strain FHT 48 
strain FHT 84
strain FHT 82 
strain FHT 85
strain FHT 83 
strain FHT 93
Flask culture 90 ml medium / 300 ml flask, 1 conidium/ml, 125 rpm, 37°C, no light
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3.2.1.2. Changes in the glucose concentration of the growth medium during the growth of 
Asversillus fumisatus
Glucose was detected with an enzymatic system based on glucose oxidase ("2.6. Glucose 
detection", p. 133). In batch Z20 10 g/1 glucose was found on day 5 which is also where the 
first pH increase ended. On day 8 the level of glucose had dropped to a concentration below the 
detection limit of the glucose oxidase test system (<0.5 g/1). The consumption of glucose was 
faster in batches with higher inoculum as is indicated by first negative glucose signal. Results 
were given in Figure 36, p.218.
The influence of glucose to pH was investigated in batch Z 23. After depletion of initial glucose 
(day 10), glucose was added to give a final concentration of 20 g/1. After addition of glucose, 
the pH dropped within two days from pH 6.8 to pH 3.4. The pH was nearly constant (day 13, 
pH 3.4; day 16, pH 3.8) until a low level of glucose (3.3 g/1) was reached, then alkalisation of 
culture filtrate started again. Similar changes in pH curve were found in batch Z20 (glucose was 
depleted, when alkalisation started) and at the first phase of batch Z23 (1.3 g/1)
Table 31 : Consumption of glucose in Aspergillus fumigatus cultures
Batch Growth method Concentration of 
inocculum
First negative 
glucose signal
batch Z12 fermenter 10^  conidia / ml 5. th day
batch Z13 fermenter 10 conidia/ ml 6. th day
batch Z20 flasks 1 conidium / ml 8. th day
batch Z23, 1. st phase flasks 1 conidium / ml 10. th day
batch Z23, 2. nd phase flasks 1 conidium / ml 19. th day
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Figure 36 : Change in glucose concentration during the growth of Aspergillus fumigatus 
strain FHT 82 in batch cultures Z12, Z13 and Z20
Concentration of 
glucose (g/1)
16 -
14 -
12 - batch Z13
10 - batch Z12
batch Z20
Age of cultures (days)
Flask culture 90 ml medium / 300 ml flask, 1 conidium/ml, 125 rpm, 37°C, no light. Fermenter culture: Z12:
10000 conidia / ml, Z13: 10 conidia / ml, 300 rpm, 37°C, 2.5 1/min aeration
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Figure 37 : Change of pH and glucose concentration after glucose supplementation of 
Batch Z 23, FHT 82 at day 11
pH ; glucose (g/1) 
20 + concentration of 
glucose
days
Flask culture 90 ml medium / 300 ml flask, 1 conidium/ml, 125 rpm, 37°C, no light
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3.2.1.3. Changes in dissolved oxygen concentrations during growth o ïAsversillus fumisatus 
Changes in the level of dissolved oxygen were estimated in fermenter cultures batch Z12 (10  ^
conidia /ml) and Z13 (10  ^ conidia /ml). The value for 100% saturation was set at maximal 
agitation and aeration (37°C, 700 rpm, 4 1/min). Before inoculation an oxygen saturation of 80 - 
95% was obtained at 37°C, 300 rpm and 2.5 1/min aeration. This level remained in the growth 
media up to the second day of culture and reoccurred after 10 days of growth. During the 
intervening time (day 3 -day 9) the oxygen content decreased to zero (day 5) and then increased 
to the saturation level. Minimal oxygen saturation was found at the end of the first pH increase 
indicating maximal growth of the cultures at this stage. The decrease in acidity was also found 
in the phase of highest metabolic activity as shown in Figure 38, p.221.
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Figure 38 : Changes in the dissolved oxygen content (p02) during the growth of 
Aspergillus fumigatus FHT 82 in fermenter cultures batch Z12 and Z13 correlated with 
changes in the pH of the growth medium
% dissolved oxygen // 
pH X 0.1
100
Z12, dissolved 
oxygen
Z13, dissolved 
oxygen
15 2010 25 300 5
Age of cultures (days)
Fermenter culture: Z12: 10000 conidia / ml, Z13: 10 conidia / ml, 300 rpm, 37°C, 2.5 1/min aeration
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3.2.1.4. Protein content of untreated culture filtrates during growth o f Asversillus fumigatus 
The bichinoninic acid (BCA) protein determination was found to be of no value if glucose was 
present in the protein solution ("2.4.4. Bichinoninic acid (BCA) method", p. 132) but as glucose 
was consumed after about 5 days of growth, the estimation was used for untreated samples 
taken after this point in time, as well as for washed and concentrated samples prepared for 
electrophoresis as these had been processed by membrane filtration. Comparison of 
bichinoninic acid (BCA) method with other techniques for protein estimation showed that the 
Bradford method gave a very low protein concentrations, ranging form 0.005 to 0.04 mg/ml 
during the growth whilst UV absorption gave much higher protein contents than BCA.
The results in Figure 39, p.223 shows the changes in protein concentration during growth as 
detected by UV absorption in batches Z12, Z13 and Z20 of strain FHT 82.
The protein content of the culture filtrates increased rapidly over the first 1 0 - 1 2  days. After 
this time there was a gradual increase in the protein content with an almost constant protein 
concentration range from 0.6 to 1.0 mg/ml between days 10 and 30.
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Figure 39 : Changes in the protein content of the growth media from Aspergillus 
fumigatus FHT 82 of batches Z12, Z13 and Z20 during cultivation. Protein determination 
by UV ratio
Concentration of 
protein = mg/ml
batch Z12
batch Z13
batch Z20
10 15 20
Age of culture (days)
25 30
Flask culture 90 ml medium / 300 ml flask, 1 conidium/ ml, 125 rpm, 37°C, no light. Fermenter culture: Z12: 
10000 conidia / ml, Z13: 10 conidia / ml, 300 rpm, 37°C, 2.5 1/min aeration
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3.2.1.5. Nucleic acid content of raw culture filtrates
The content of nucleic acid was determinated according to the method described in Cooper 
1981 which was also used to detect protein content (See "2.4.1. Ultraviolet light absorption", 
p. 131.). The content of nucleic acids in the culture filtrate increased in parallel to the oxygen 
saturation level, which indicate decreasing growth activity in batch Z13.
Figure 40 : Changes in the nucleic acid content of raw culture filtrates from batch and 
fermenter cultures of Aspergillus fumigatus strain FHT 82
concentration 
nucleic acid = 
mg/ml
0,25 -
0,2 -
batch Z13, FHT 82, 
fermenter culture
0,15 -
batch Z20, FHT 82, 
flask culture
0,05 -
10 15 20 25 3050
days
Flask culture 90 ml medium / 300 ml flask, 1 conidium / ml, 125 rpm, 37°C, no light. Fermenter culture: Z12: 
10000 conidia / ml, Z13: 10 conidia / ml, 300 rpm, 37°C, 2.5 1/min aeration
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3.2.1.6. Changes in lEF protein patterns during growth o f Asversillus fumimtus 
Samples of batch Z20 and Z23 strain FHT 82 were treated as described ("2.2. Treatment of 
antigens from culture filtrates", p. 130). The concentrated protein solutions were adjusted to 
1.25 pg/pl, and 5 pg per lane which were then analysed by lEF pH 4 to 6.5. The resulting gels 
were then stained using the silver stain method. Analogous gels were blotted onto 
nitrocellulose, and immunological detection was done using polyclonal rabbit anti Aspergillus 
fumigatus serum as described in "2.11.4. Blotting", p. 150. The separation patterns obtained 
were then identified according to the reference pattern described in "3.1.12. Identification of 
bands in isoelectric focusing and blotting", p. 193. The appearance and intensity of bands that 
were detected are shown in Figure 41, p.227. The cultural parameters of batch Z20 are 
summarised in Figure 43, p.230.
Early samples taken before day 5 were found to contain only trace amounts of protein which 
were too low to be analysed by lEF. Protein band patterns were obtained from culture filtrates 
taken between 5 and 30 days. There was a marked increase in the number of protein bands 
detected from day 5 to day 10 of culture which was paralleled by changes in the growth 
conditions of the culture. During this time glucose was depleted from the culture medium and 
the oxygen content of the medium increased and became stable (Figure 38, p.221) indicating 
that active growth had ceased. On day 5 glucose was still available, and as expected increasing 
pH values were found, whilst on day 8 glucose was depleted, and therefore no further active 
growth of the culture using this carbon source occurred. The increase in the protein bands after 
day 10 was also accompanied by an increase in medium pH which has been suggested to be an 
indication of hyphal lysis (Kaufman and de Vries 1980). Once the protein concentration and pH 
values of the culture became stabilised at day 16 a steady state band pattern was reached.
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In the lEF pattern of batch Z20, no bands were found in the range below Rpnr 13, but it should 
be kept in mind that the treatment of culture filtrates with the Macrosep®system could result in 
a loss of some proteins in this range so this absence of proteins could therefore also be caused 
by this effect. It was not possible to use the tangential flow unit (Minitan®system) for these 
experiments due to the small volumes of culture filtrates that were available.
The changes in protein patterns of batch Z23 during 4 to 10 days were similar to those found in 
batch Z20 during this period. The addition of glucose at day 10 lead to a dramatic change in 
lEF pattern. Several strong or medium strong protein bands were lost (Rpnr 1, 3, 7a, 7b, 11, 
1 la) or intensity was reduced (Rpnr 8, 10). Other components were nearly constant (Rpm 0, 2,
4, 6a, 6b, 7, 14). It seems that most of those proteins appear again at the same intensity as seen 
after 10 days (Rpm 1, 3, 7a, 8, 10, 11) but strong background staining made a correct 
identification difficult.
The typical composition of early and late phase proteins appearing before and after the change 
in lEF pattern is difficult to describe in silverstained lEF gels. The classification into type A 
(early phase) and type B (late phase) was done according the immunoblots ("3.3.4. Antigenic 
components in culture filtrates from 7 batches of Aspergillus fumigatus cultures 4 weeks grown 
in Czapek-Dox medium", p.274 and "3.3.6. A summary of the immunological reactivities of 
Aspergillus fumigatus culture filtrate proteins from different batches and from different 
strains", p.290).
There is no doubt that changes in protein and antigen composition were strongly affected by the 
addition of glucose.
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Figure 41 : Protein patterns obtained using a narrow range IFF (pH 4-6.5) of the culture 
filtrates from Aspergillus fumigatus strain FHT 82 (batch Z20) during growth in Czapek- 
Dox broth identified by silver staining
Age of culture (days)
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Figure 42 : Protein patterns obtained using a narrow range IFF (pH 4-6.5) of culture 
filtrates from Aspergillus fumigatus strain FHT 82 (batch Z23) during growth in Czapek- 
Dox broth identified by silver staining
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3.2.1.7. Summary of growth experiments using Czapek-Dox broth
The growth of Aspergillus fumigatus strain FHT 82 can be separated into 4 stages, starting with 
an initial alkalisation phase of culture medium(pH 5.5 to 7-8, age 4-5 days), followed by a 
increase in acidity between 4...8 days. The drop in pH was less in fermenter cultures (about 0.3 
pH units) than in flask cultures ( 0.5 to 1 pH unit). The pH of the culture medium then 
increased (second alkalisation) between the 5. th day (batch Z13) and the 13. th day (batch 
Z20). The pH then stabilised to a value which was above the first alkaline maximum (final 
phase).
Similar changes were also found in 5 of the 6 other Aspergillus fumigatus strains. Maximum 
metabolic activity was found in fermenter cultures during the initial alkalisation and during the 
drop in acidity. Shortly before, or during the drop in acidity the glucose content of the growth 
medium was depleted. The second alkalisation phase was related to a reduced metabolic 
activity in the fungal hyphae as detected by reduced oxygen consumption. Increase of total 
protein concentration was stronger during the first 3 stages of growth and then the amount of 
protein either became constant or slightly decrease during the fourth final phase.
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Figure 43 : Changes in culture pH, glucose concentration and culture filtrate protein 
concentration during growth of Aspergillus fumigatus strain FHT 82 (batch Z20) in 
Czapek Dox broth
Concentration of protein, 
glucose = mg/mi // 
pH
10 -
-A-
Glucose
concentration
 X
Protein concentration
10 15 200 5 25 30
Age of culture (days)
Flask culture 90 ml medium / 300 ml flask, 1 conidium / ml, 125 rpm, 37°C, no light
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3.2.2. Growth of Aspergillus fumigatus strain FHT 82 in a peptone containing medium
In order to simulate growth conditions similar to those in vivo a peptone medium (peptone from 
meat < 10 kD) was prepared with the concentrations of salts, glucose and pH value adjusted to 
those found in bovine serum. After sterile filtration a pH shift ftrom pH 7.4 to 9.1 was observed 
in the medium and after 18 h of incubation at 37°C insoluble salt components were formed (See 
Table 53, p.422).
The growth medium was inoculated with the test organism and incubated according to the 
standard procedure. Antigen preparation was done using a 10 kD cut off of the culture filtrate. 
Uninoculated medium was also processed for antigen preparation so that any protein 
components in the medium that would show up in electrophoresis could be identified. No 
protein bands were identified in silverstained lEF 4.0...6.5 gels after electrophoresis.
The pH value of the peptone culture never dropped below pH 7 during the growth, the pH 
change pH 9.1 to pH 8.3 was found after day 5. The isoelectric focusing pattern of the culture 
filtrate from 4 day old culture showed a clear pattern of 25 bands (Figure 44, p.232). Bands 
equivalent to Rpnr 1,3,7,10,13 and 14 were detected against a clear background. lEF 
electrophoresis patterns fi*om cultures of 15d, 19d, and 3 Id showed a reduced number of bands 
and a broad fuzzy background pattern between Rpnr 7 - 1 1  (lEP about 4.5 to 4.9). Additional 
bands below Rpnr 14 (lEP >5) were found in all the peptone culture filtrates.
Rpnr 3 was seen a major compound of the mixture after 15 days incubation, no further major 
changes were observed in the culture filtrates after this time.
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Figure 44 : Change of protein pattern in silverstained IFF 4..6.S during the growth of 
Aspergillus fumigatus 82 in peptone containing growth medium
rpnr 1 
rpnr 3
rpnr 7
rpnr 10
rpnr 13 —►sjr -  ^
-■
rpnr 15c
4 days 15 days 19 days 31 days typeB
standard
(SII)
Separation: pH gradient 4-6.5, 2000 V; 2.5 mA, 500 Vh, 5 pg protein / lane; detection: silver staining, standard 
see "3.1.12. Identification of bands in isoelectric focusing and blotting", p.193
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Figure 45 : Changes in the pH value of the culture filtrates during the growth of 
Aspergillus fumigatus FHT 82 in peptone containing medium and Czapek Dox broth.
pH
Z16, FHT82, peptone
Z15, FHT85, Czapek-Dox
Z15, FHT82, Czapek-Dox
10 15 20 255 300 35
days
Flask culture 90 ml medium / 300 ml flask, 1 conidium / ml, 125 rpm, 37°C, no light
233
3. Results
3.2.3. Batch-to-batch variation in the culture filtrate proteins from Aspergillus fumigatus 
strain FHT 82
In previous experiments it was found that the protein composition of culture filtrates stabilised 
after 4 weeks incubation so all further studies were done using cultures that were incubated for 
at least 30 days. This section examines variations between different batches of identical cultures 
of Aspergillus fumigatus that were grown under conditions as described in "2.1.3. Cultivation 
of fungi", p. 129. Batches included in this comparison are listed in Table 32
Table 32 : Batches of Aspergillus fumigatus strain FHT 82 grown in shake cultures 
with Czapek-Dox media
Batch Strain Age final pH
Z15 FHT 82 33 days 7.2
Z18 FHT 82 30 days 5.8
Z19 FHT 82 30 days 5.1
Z20* FHT 82 30 days 8.3
Z21** FHT 82 30 days 6.1
Z23*** FHT 82 31 days 7.2
Z24 FHT 82 29 days 8.3
* time course experiment, 17 flasks, samples were taken during cultivation. 
**40 flasks, divided in 4 aliquots for validation of reproducibility of processing. 
*** glucose supplementation (20g/l) after 11 days
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3.2.3.1. lEF protein patterns of different batches o f Aspersillus fumisatus 
Culture filtrates of the batches were analysed by lEF pH 4-6.5. The patterns of separation were 
identified according to the reference protein pattern narrow range (Rpnr), defined in "3.1.12. 
Identification of bands in isoelectric focusing and blotting", p. 193. The majority of the proteins 
in the culture filtrates focused in the pH range between 4.0 and 5.0 (Rpnr 0 to Rpnr 14). In 
batches Z18, Z19 and Z21 additional bands from pH 5.0 to 6.5 (Rpnr 14 to Rpnr 16) were 
found. The results are summarised in Figure 46, p.236. It can be seen that minor variations in 
protein composition were shown by individual batches of the cultures, for example, protein 
Rpnr 6b was only found in batch Z15, protein Rpnr 7a in batches Z18 and Z21. A number of 
proteins such as Rpnr 1, 7 and 8 were always found. In many cases there were differences 
shown in the amount of particular protein produced in different batches e.g. Rpnr 5,9,11 and 13.
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Figure 46 : Variations in the protein composition between batches of Aspergillus 
fumigatus strain FHT 82 examined by IFF 4-6.5, stained using the silver staining method
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3.2.3.2. SDS PAGE protein patterns from different batches o f Asver2illus fumisatus strain FHT
The molecular weights of the proteins derived from 5 batches of Aspergillus fumigatus were 
determined by reduced and non-reduced SDS PAGE 12.5% T. The molecular weights of 
individual protein bands were estimated using a standard curve of molecular weight versus 
distance moved constructed from reference proteins that were run at the same gel ("2.11.2. 
SDS-PAGE", p. 146). The results of non-reduced SDS PAGE are shown in Figure 47, p.238.
The protein patterns obtained under reduced conditions using 2-mercaptoethanol showed a high 
background staining, and the visible bands were less sharp compared to those seen under non­
denaturing conditions. Additional bands compared to those found under non-reduced conditions 
were seen in the 20 to 30 kD range of batches Z15, Z18 and Z20, where three, one and two 
bands respectively were detected. In batch Z19 three additional bands were also found around 
67 kD which were not visible in non reduced lane.
The distribution of molecular weights in different batches of culture was inconsistent under 
both reduced and non-reduced conditions with the majority of bands found between 30 and 67 
kD. A major band with an average molecular weight of 36.2-38.7 kD which typically covered a 
broad range between 35 and 45 kD was found in every batch tested (non-reduced conditions). 
In batch Z20 two bands were visible in this range. Another major band was also found at 60 kD 
in batches Z15, Z18 and Z20. In batch Z21 this band may have been present but due to a high 
background staining it could not be positively identified. Batch Z19 showed only one very 
weak band at 38 kD. Low mass components ranging from 15.9 to 18.3 kD were detected in 
batches Z15, Z20 and Z21, batches Z20 and Z21 also showed a band of 24 kD. Proteins of 
molecular weights between 77.1 and 82.2 kD were found in every batch except Z19. Batches 
Z15, Z20 and Z21 also contained proteins of molecular weights above 94 kD.
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Figure 47 : Molecular weights of culture filtrate proteins of 5 batches of strain FHT 82, 
determined by SDS-PAGE 12.5% without reduction
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3.2.3.3. Summary of batch to batch variation of culture filtrate proteins Aspergillus fumisatus 
grown in Czapek-Dox broth
When identical conditions of culture and sample preparation were used to analyse different 
batches of Aspergillus fumigatus strain FHT 82, the protein composition of culture filtrates was 
found to vary when analysed by lEF and SDS-PAGE electrophoresis.
SDS-PAGE analysis showed proteins in a range between 16 and 118 kD. The major bands were 
detected in the molecular weight range from 35 to 45 kD. The reproducibility of analysis of 
complex culture filtrate protein preparations of Aspergillus fumigatus in SDS-PAGE was less 
good then found in lEF.
In lEF the most striking differences were found in the range of pH 5.0...6.0 (Rpnr 15a to Rpnr 
16). In two cases (batch Z18 and batch Z21), 6 proteins were identified in this pH range, 
whereas no bands were found in other batches. Nevertheless most bands were detected in every 
batch although in varying intensity.
When considering these results it must be kept in mind that the amount of protein applied to the 
gels for electrophoresis was determined by methods which themselves have a different 
sensitivity to various protein components. The pattern of Z19 in lEF for example was weak 
even though 5 pg of protein was applied for electrophoresis. This batch was found to contain 
0.89 mg/ml protein as determinated by the BCA method which was the second highest result of 
all the batches tested. The Bradford and UV determinations on this batch failed to detect any 
protein and the dry mass determination was low (see Table 21, p. 171). Using SDS-PAGE only 
one very weak band was found in batch Z19 even when 7 pg protein /lane was used which was 
sufficient to give a good separation and staining with the other batches tested. A weak pattern 
in lEF was also found in batch Z18. This batch showed the highest protein content of 
Aspergillus fumigatus batches by BCA determination but a low protein content was shown 
using the Bradford method. The UV determination was in a medium range (1.01 mg/ml) and
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drymass determination was high (2.13 mg/ml). The SDS PAGE of this batch showed seven 
proteins to be present.
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3.2.4. Strain to strain variation of culture filtrate proteins from Aspergillus fumigatus 
strains
After examination of the changes that occurred to the culture filtrate antigens during 
cultivation, and reproducibility of shake cultures the variations in the culture filtrate protein 
components of six different strains of Aspergillus fumigatus was investigated. All the strains of 
Aspergillus fumigatus were grown and processed for examination in parallel as described in 
"2.1.3. Cultivation of fungi", p.l29 and "2.2. Treatment of antigens from culture filtrates", 
p.130.
3.2.4.1. lEF protein patterns of different strains o f Aspersillus fumigatus 
Proteins from different strains were analysed using isoelectric focusing, with a pH range 
between pH 4.0 and pH 6.5. The separated protein bands were identified according to the 
reference patterns as described in "3.1.12. Identification of bands in isoelectric focusing and 
blotting", p. 193. Differences in the sharpness, intensity and distribution of band patterns were 
found between the strains. Most protein bands were found between Rpnr 0 and 14, pH range pH 
4 to pH 5, however in strains FHT 83 and FHT 93 bands between Rpnr 15a and 16 (pH 5 - pH 
6.5) were also visible. Only band Rpnr 10 was consistently visible in all strains at varying 
intensities. In 5 of 6 strains Rpnr 3, 4, 5, 6,8,11 and 14 were found.
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Figure 48 : Variations in the culture filtrate proteins at 4 weeks of culture from 6 strains 
0 Î Aspergillus fumigatus separated by IFF pH 4-6.5 and detected by silver staining
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3.2.4.2. SDS PAGE protein pattern of different strains o f Aspersillus fumimtus 
The distribution of protein bands separated by non-reduced SDS-PAGE from the culture filtrate 
proteins fi*om the 6 strains of Aspergillus fumigatus revealed a broad range of patterns as shown 
in Figure 49, p.244. Proteins in the leading front were always visible indicating the presence of 
small peptides below 14 kD. In the low molecular weight range, bands were found in 4 of the 6 
strains between 15.9-19.7 kD. In the molecular weight between range 20.1 to 30 kD two strains 
(FHT 82 and FHT 85) showed no bands but in FHT 93 six bands were visible. Five strains 
(FHT 48, 83, 84, 85 and 93) showed bands with molecular weights between 29.4 and 30.7 kD. 
The culture filtrates firom all the test strains contained proteins with molecular weights of 
approximately 33 kD, 50 kD and 81.5 kD. High molecular weight proteins in the range 111 kD 
to 121 kD were found in FHT 48, 82, 83 and 85.
The patterns obtained under reduced conditions (results not shown) were similar to those seen 
in the non reduced system (Figure 49, p.244)., but some additional minor bands between 20 and 
30 kD were also detected.
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Figure 49 : Molecular weights of culture filtrate proteins in 6 strains of Aspergillus 
fumigatus determined by non-reduced SDS-PAGE 12.5%
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3.2.4.3. Summary of strain to strain variation
In silver stain of lEF only one band Rpnr 10 was seen in all strains and no other band was 
exclusively seen in one strain. Bands below Rpnr 14 were only seen in strains FHT 83 and 93. 
The strongest bands were found in the range of 30 to 43 kD of non-denatured SDS-PAGE as 
well as in batch-to-batch comparison.
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3.2.5. Somatic components oi Aspergillus fumigatus grown in Czapek-Dox medium
The somatic proteins were prepared from both young (4.d) and old (20.d ) cultures (See "2.3. 
Preparation of somatic proteins from mycelia", p. 130). At the time of harvesting the pH values 
of cultures filtrates were pH 6.2 (4d.) and pH 8.8 (20d.). Both hyphal and culture filtrate 
proteins were analysed in lEF and lEF blotting (see "2.11.1. Isoelectric focusing", p. 142 and 
"2.11.4. Blotting", p. 150). The pH shift from pH <.6.5 to > pH 7 and the corresponding changes 
in the blotting patterns of culture filtrate proteins (see "3.3.7. Antigenic components in somatic 
extracts of Aspergillus fumigatus grown in Czapek Dox medium", p.294) indicate that the 
hyphae samples were harvested at different growth stage.
Silverstained lEF patterns of young culture filtrate (4 days) proteins and corresponding somatic 
proteins showed a high degree of similarity (Figure 50, p.248, lane 2 and lane 3). Additional 
protein bands that focused below Rpnr 15a were found in both the 4 day and 20 day somatic 
preparations. Differences were seen in the band patterns of the young (4 day) and old (20 day) 
somatic preparations above Rpnr 6 (lane 3 and 4). In the old (20 days) somatic preparations the 
band range of proteins that focused between Rpnr 7 and Rpnr 15c showed an increased 
background staining compared to that found with proteins from young hyphae.
The most striking differences in lEF patterns were found in old culture filtrate proteins (lane 5). 
Rpnr 3 is the typical major protein of late phase culture filtrate proteins ("3.3.6. A summary of 
the immunological reactivities of Aspergillus fumigatus culture filtrate proteins from different 
batches and from different strains", p.290). It was only found in culture filtrate and somatic 
protein preparations from late phase cultures when grown in synthetic Czapek-Dox media. The
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protein levels detected in culture filtrates were always greater than those found in somatic 
preparations. The band patterns were shown in Figure 50, p.248.
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Figure 50 : Comparison of silverstained IFF pH 4.0...6.5 patterns of somatic and culture 
filtrate proteins from 4 day and 20 day cultures oi Aspergillus fumigatus strain FHT 82 
grown in Czapek Dox broth
rpnr 10
rpnr 14
a ^ r o n r 15a
.^rpnr 15b
rpnr 15c
rpnr 15d
-4— rpnr 15e
'*’*^rpnr 16
type A culture somatic somatic culture type B
standard filtrate proteins proteins filtrate standard
4 days 4 days 20 days 20 days
Separation: pH gradient 4-6.5, 2000 V; 2.5 mA, 500 Vh, 5 pg / lane; detection: silver stain; standards see "3.1.12. 
Identification of bands in isoelectric focusing and blotting", p. 193
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3.2.6. Two dimensional electrophoreses of a crude culture filtrate of Aspergillus fumigatus
Crude culture filtrates of Aspergillus fumigatus were first run by lEF and the separated proteins 
were then run into an SDS-PAGE electrophoreses gel. The results (Figure 51, p.250) showed a 
complex pattern of about 40 components (batch Z21) on silverstaining.
The correlation between primary lEF pattern and secondary separation in SDS - PAGE gel was 
not precise enough to determinate a molecular weight of each lEF band. This problem was 
solved when pure or enriched components were used, containing high amounts of one or two 
proteins. ("3.5.4. Determination of the molecular weights of components isolated from culture 
filtrate proteins by chromatofocusing using two-dimensional electrophoresis.", p.340). The 
molecular weights of the most components were found between 30 and 94 kD and isoelectric 
points were found between pH 4.0 (position of anode) and pH 4.8 (Rpnr 10). It can be 
suspected, that some lEF bands consist of more than one component, but this could also be due 
to the small distance between neighbouring bands. The system is therefor not useful to identify 
single components in complex mixtures.
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Figure 51 : Two-dimensional electrophoreses of Aspergillus fumigatus FHT 82 culture 
filtrate proteins
a#
:
rpnr 10 rpnr3/4/5
■14.4 kD 
■20.1 kD
■ 30.0 kD
■43.0 kD
67.0 kD
94.0 kD
Separation: pH gradient 4-6.5, 2000 V; 2.5 mA, 500 Vh, 5 pg/Iane; SDS-PAGE 12.5% , 250 V, 10 mA, 70 Vh, 
reduced samples; detection: silver staining
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3.2.7. Identification of Concanavalin A (Con A) binding glycoproteins from culture 
filtrates of 4 week cultures of Aspergillus fumigatus analysed by lEF and Western 
blotting.
Development of the staining technique to identify concanavalin A binding proteins on blotting 
showed that Immobilon membranes gave the most satisfactory results. Distinct bands were 
visible in the range of Rpnr 7... 12 but poor staining was shown by bands focused at a more 
acidic pH in some experiments. The different blotting patterns obtained with Immobilon and 
nitrocellulose must be kept in mind. Proteins could be missed and could not be detected by 
concanavalin A. It is also possible that antigens which were not detected on Immobilon® 
membrane ("3.1.17. The immunoblotting patterns of Aspergillus fumigatus culture filtrate 
antigens on nitrocellulose and Immobilon® membranes", p.209) by immunoblotting have 
changed their epitop structure and where therefore not detected by hyperimmune polyclonal 
rabbit a-Aspergillus fumigatus antiserum. Rpnr 7 was not detected in immunoblotting on 
Immobilon® but it was detected in concanavalin A blot. Rpnr 3 was detected in immunoblotting 
on Immobilon® but no distinct band was found in concanavalin A blot.
Batch Z11 of strain FHT 48 was used to investigate the concanavalin A binding properties 
because this batch showed that lowest background staining (Figure 52, p.253) and it had the 
advantage that both early and late phase proteins were present (see "3.1.12. Identification of 
bands in isoelectric focusing and blotting", p. 193).
The results of the Concanavalin A binding properties in pattern of batch Z ll ,  FHT 48 are 
summarised in Table 33, p.252.
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Table 33 : The Concanavalin A binding properties of reference protein bands found in 
blotted lEF pattern of batch Z ll, strain FHT 48
Rpnr test 1 test 2
4/5 (+) +
7 (+) +
8 (+) +
10 (+) +
11 + +
12 + +
14 - -
15c no result +
16 no result -
+
(+)
concanavalin A binding component 
likely positive 
no concanavalin A binding
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Figure 52 : Example of detection of concanavalin A binding properties of Aspergillus 
fumigatus culture filtrate proteins
rpnr 10
rpnr 11
rpnr12
type B Z ll Z15 Z15 Z18 type A
standard FHT 48 FHT 48 FHT 83 FHT 82 standard
type B type A type A type A
Separation; pH gradient 4-6.5, 2000 V; 2.5 mA, 500 Vh, 5 pg/lane; blotting: 0.6 mA/cm , 10 min; detection: 
concanavalin-biotin / avidin - peroxidase, standards see "3.1.12. Identification of bands in isoelectric focusing 
and blotting", p. 193
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3.2.8. Enzymatic activities of cyvlùo Aspergillus fumigatus protein preparations
A commercial test system was used to detect the enzymatic activities that were present in crude 
protein mixtures. The crude protein mixtures were screened for a panel of 19 enzymes (See 
"2.7. Detection of enzymatic activities in crude protein preparations", p. 133). Enzyme 
activities, which were found in be at low intensity (intensity level 2 of 5) were excluded from 
further analysis (Table 35, p.257). Intensities above this level were found with alkaline and 
acidic phosphatases, esterase C4, leucine-aminopeptidase, and 4 enzymes with carbohydrate 
related activities. The highest levels of both phosphatases, esterase C4 and leucine- 
aminopeptidase were found in mycelial preparations (Figure 53, p.258 and Figure 54, p.259) 
The 4 major enzymes with carbohydrate related activities were found at higher levels in at least 
2 culture filtrate preparations namely batch Z26, FHT 48 (type A, early phase like) and batch 
Z20, FHT 82 (type B, late phase like, see "3.1.12. Identification of bands in isoelectric focusing 
and blotting", p. 193) than in mycelial preparations. Only N-acetyl-beta-glucoaminidase levels 
from the mycelial preparations were similar to those found in two culture filtrate preparations 
(batch Z26, FHT 48 and Z20, FHT 82). The average enzyme intensity of the 4 major 
carbohydrate-related enzymes of type A (early phase like) protein preparations was 1.9 and that 
of type B (late phase like) was 3.1. The average intensity of the total enzymes in the mycelial 
preparations was 3.
The production of acid phosphatase, naphtol-AS-BI-phosphohydrolase, leucine- 
aminopeptidase, alpha-galactosidase, beta-glucosidase and N-acetyl-beta-glucoaminidase was 
suppressed by the presence of glucose in the growth medium. In a time course study to 
determine rate of release of these enzymes (Figure 57, p.262) maximal activity was found 
between 8 and 10 day (glucose depletion). The addition of glucose after this time suppressed 
enzyme production.
254
3. Results
A method for the detection of acid phosphatase activity on blots was developed ("2.11.4.6. 
Acid phosphatase activity detection on blot", p. 153") and validated ("3.1.18. The histochemical 
detection of acid phosphatase activities in culture filtrate and somatic proteins from Aspergillus 
fumigatus", p.211).
Because of the relative insensitivity of this method (detection limit 200 ng) the results should 
be interpreted with care. No activity was found in culture filtrates of batch 25 FHT 48, batch 
15, FHT 85 and batch 19, FHT 82 however a positive staining reaction was shown by somatic 
preparations of batch 28, FHT 82.
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Table 34 Aspergillus fumigatus derived protein mixtures tested for enzymatic activity by 
API ZYM® system
batch / strain type of isoelectric focusing pattern
Z21A/FHT 82 type A (early phase)*
Z26/FH T48 type A (early phase)*
Z23/FH T 82 type A (early phase, 3 days)*
Z28 / FHT 82 mycelial preparation
Z15/FH T 48 type B (late phase)*
Z20/FH T 82 type B (late phase)*
Z23/FH T 82 type B (late phase, 31 days)*
*(see "3.3.6. A summary of the immunological reactivities of Aspergillus fumigatus culture 
filtrate proteins from different batches and from different strains", p.290 )
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Table 35 : Enzyme activities in 4 week old culture filtrate and 3 week old mycelial 
proteins of Aspergillus fumigatus that recorded less than 3 units in API ZYM® system
enzyme* maximal activity
esterase lipase C8 2
lipase C14 1
valine-aminopeptidase 2
cystine-aminopeptidase 1
trypsine 1
chymotrypsin 1
beta-galactosidase 1
beta-glucuronidase 0
alpha-glucosidase 2
alpha-fucosidase 0
* Enzyme activities that were never detected above an intensity level of 2 in a 5 step scale
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Figure 53 : Alkaline and acid phosphatase activity in 7 éifUrtni Aspergillus fumigatus 
derived protein preparations
staining
intensity
5
4
3
2
1
0
Z21A Z26/48 Z23/82 Z28/82 Z15/48 Z20/82 Z23/82
II  alkaline phosphatase 
g  acidic phosphatase
early early 3d early myc late late 3 Id late
early = type A lEF blotting pattern *
late = type B lEF blotting pattern
myc = mycelial preparation
**(see "3.3.6. A summary of the immunological reactivities of Aspergillus fumigatus culture
filtrate proteins from different batches and from different strains", p.290 )
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Figure 54 : Esterase C4 and leucine-aminopeptidase activity in 7 ùiii^YQui Aspergillus 
fumigatus derived protein preparations
staining
intensity
Q  esterase C4 
HI leucine-aminopeptidase
Z21A Z26/48 Z23/82 Z28/82 Z15/48 Z20/82 Z23/82 
early early 3d myc late late 3 Id 
early late
early = type A lEF blotting pattern *
late = type B lEF blotting pattern
myc = mycelial preparation
**(see "3.3.6. A summary of the immunological reactivities of Aspergillus fumigatus culture
filtrate proteins from different batches and from different strains", p.290 )
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Figure 55 : Carbohydrate-related enzyme activities in 7 different Aspergillus fumigatus 
derived protein preparations
staining intensity 
5
1
Q  alpha-galactosidase 
Q  beta-glucosidase 
m] N-acetyl-beta-glucoaminidase 
■  alpha-mannosidase
Z21A Z26/48
early early
Z23/82 Z28/82
3d myc
early
Z15/48
late
Z20/82
late
Z23/82
31d
late
early = type A lEF blotting pattern *
late = type B lEF blotting pattern
myc = mycelial preparation
**(see "3.3.6. A summary of the immunological reactivities of Aspergillus fumigatus culture
filtrate proteins from different batches and from different strains", p.290 )
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Figure 56 : Enzyme activities of acidic phosphatase and napthol-AS-bi phosphohydrolase, 
concentration of glucose and pH of culture filtrate during time course study of Aspergillus 
fumigatus shake culture (batch Z23, FHT 82)
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Figure 57 : Enzyme activities of carbohydrate related enzymes, glucose and pH of culture 
filtrate during time course study of Aspergillus fumigatus shake culture (batch Z23, FHT 
82)
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3.3. Detection of the antigenic components in Aspergillus fumigatus antigen preparations
In the previous section "3.2. Detection of protein components m Aspergillus fumigatus protein 
preparations", p.213 the range of protein components contained in the culture filtrates were 
examined. In this section the separated proteins were probed with a polyclonal antiserum 
derived from New Zealand white rabbits vaccinated with culture filtrate antigens from 
Aspergillus fumigatus. The systems used would therefore detect antigenic components that 
were immunogenic to the vaccinated animals. The main focus of these investigations was on 
the immunoblotting of lEF and SDS-PAGE gels, other methods such as Ouchterlony double 
immunodiffusion and ELISA were done for comparison.
3.3.1. Change of antigenic reactivity in culture filtrates of Aspergillus fumigatus during 
growth in Czapek-Dox medium
As in "3.2.1.6. Changes in lEF protein patterns during growth o ï Aspergillus fumigatus", p.225 
proteins were separated using isoelectric focusing (lEF) with pH range 4.0 to 6.5. Further 
treatment is described in "2.11.4.1. Procedure of blotting", p. 150.
3.3.1.1. Detection of antigenic reactivitv in blotted lEF gels during growth
In blotting, the changes in antigen composition between the different growth stages was more 
pronounced than the protein patterns seen by silver staining. A number of bands appear after 
the total consumption of glucose on day 8 of batch Z20, FHT 82 (Figure 41, p.227). In 
fermenter cultures the similar growth phase was characterised by a reduction of metabolic 
activity as indicated by reduction in the oxygen consumption of the cultures. It is therefore 
likely that the additional antigens were released as a result of hyphal lysis and they were of 
intracellular origin. The determination of DNA content in two cultures showed increasing 
levels of nucleic acid levels between 3 days and 12 days (Figure 40, p.224). The depletion of
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glucose was observed between 6 days and 8 days. The liberation of nucleic acid which is likely 
to be related to lysis started before the glucose was completely removed from culture medium. 
In fermenter cultures oxygen limitation is likely to be an additional factor that contributes 
towards hyphal lysis and liberation of proteins.
The detection of aldolase activity in culture filtrate as a marker for lysis was not successful 
(results not shown) but Saggers 1993 (personal communication) has detected aldolase activity 
at 10 days of culture. The time course found in batch Z20 , FHT 82 was confirmed by a second 
experiment, batch Z23, FHT 82. In this experiment glucose was supplemented after depletion 
on day 11 to determinate the effects of glucose and the pH changes and the changes in the s lEF 
protein pattern (Figure 42, p.228) and blotting pattern using hyperimmune polyclonal rabbit a- 
Aspergillus fumigatus antiserum as a probe (Figure 59, p.267). A typical pattern described as 
type A ("3.1.12. Identification of bands in isoelectric focusing and blotting", p. 193 and "3.3.6. 
A summary of the immunological reactivities of Aspergillus fumigatus culture filtrate proteins 
from different batches and from different strains", p.290) was found in the culture up to day 10, 
some late phase antigens were also observed at his time. This could be due to a change in 
protein release after depletion of glucose. The supplementation of glucose on day 11 changed 
this pattern as on day 13 less reactive antigens were found showing type A characteristics. At 
19 and 22 days intermediate patterns were found and a typical type B pattern (late phase 
pattern) was found after 31 days.
When the appearance of single bands was monitored in batch Z20, FHT 82 two groups of 
antigens could be identified based on their appearance in protein detection (silver staining of 
lEF gels) and immunological detection (blotting of lEF gels and binding to antibodies).
In the first group the bands were detected in both the blots and silver staining. Proteins 
designated as Rpnr 0,1,3,8 and 9 (reference protein narrow range) showed this behaviour. The
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appearance of these bands in the immunoblots was delayed for between 2 to 3 days after the 
appearance of the bands in silver stained gels. Bands Rpnr 8 and 9 were blurred in silver 
staining, but highly reactive in blotting. Rpnr 0 was the most acidic in this pattern (IEP<4) and 
was sometimes not visible due to the different spreading of pH gradients in the gels. The major 
protein detected by blotting was Rpnr 3 which was seen as a distinctive band in filtrates from 
10 to 30 day cultures. Traces of this band were detected in silver stain preparation from day 5. 
Rpnr 11 and 13 were detected by immunoblotting in young cultures (5,8 and 10 days) and after 
this time they disappeared however they were identified throughout the whole growth period by 
silverstain but with reducing intensity with time.
Antigens of the second group, appeared with low frequency or weak intensity in blots. The 
most dominant bands belonging to this group were Rpnr 4 and 10, which were always detect by 
silver stain (8...30 days and 5...27 days), but not by blotting. A panel of bands Rpnr 5 ,6, 6a, 7 
were frequently detected in silverstaining but rarely and with weak intensities by 
immunoblotting.
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Figure 58 : The release of culture filtrate antigens during the growth of Aspergillus 
fumigatus strain FHT 82 batch Z20 in Czapek-Dox broth. Antigens were separated by 
narrow range IFF (pH 4-6.5) blotted and detected with hyperimmune rabbit anti- 
Aspergillus fumigatus serum (AK3)
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Figure 59 : The release of culture filtrate antigens during the growth of Aspergillus 
fumigatus strain FHT 82 batch Z23 in Czapek-Dox broth. Antigens were separated by 
narrow range IFF (pH 4-6.5) blotted and detected with hyperimmune rabbit anti- 
Aspergillus fumigatus serum(AK3)
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3.3.1.2. Detection of antigenic reactivitv in rabbit antibody detecting ELISA 
Antigens taken from the time course experiment were also tested by an indirect ELISA using 
AK3 as a probe. The system was validated as described in "3.1.6. Validation of rabbit antibody 
detecting ELISA", p. 173. The results were summarised in Figure 60, p.269.
A strong increase of reactivity was found within the first 10 days. In blotting this range 
represented the early phase pattern and the change from early to late phase. On day 13 a drop in 
extinction was observed which was followed by slow increase. This behaviour could not be 
clearly related the a change in antigenic reactivity of proteins because even if the same amounts 
of protein as determined by BCA assay were used as coating antigens in indirect ELISA. The 
variability of sensitivity of the BCA assay to different protein components may influence the 
result. The differences in protein / antigen composition are shown in Figure 58, p.266. The 
ELISA assay may also reflect the different binding affinities of the different antigens to the 
ELISA plate.
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Figure 60 : The reactivities of culture filtrate antigens taken from cultures of Aspergillus 
fumigatus strain FHT 82 during growth in an indirect ELISA probed with hyperimmune 
polyclonal rabbit a-Aspergillus fumigatus antiserum
extinction
410 nm
2,5 -
0,5 -
10 15 200 5 25 30 35
days
coating antigen: batch 20, FHT 82, after different times, 20 |ig/nl, antibody: rabbit serum 1: 800 (AK3), conjugate 
: anti rabbit IgG peroxidase 1:5000
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3.3.2. Change of antigenic reactivity of culture filtrate antigens of Aspergillus fumigatus 
strain FHT 82 in blotted IFF gels from growth in peptone containing medium
Changes in the lEF pattern of culture filtrate proteins during cultivation o f Aspergillus 
fumigatus in peptone containing media are described in chapter "3.2.1.6. Changes in lEF 
protein patterns during growth of Aspergillus fumigatus", p 225 and are shown in the 
silverstained gels patterns.
The results of the immunoblotting show that Rpnr 3 was present in the peptone culture filtrate 
from day 4 to day 31 (Figure 61, p.271). The blotting pattern from day 15 to day 31 showed a 
band pattern that fitted the late phase pattern (Type B) of antigen release in Czapek-Dox 
cultures. The presence of band Rpnr 15c in the peptone cultures however was different from 
Czapek-Dox cultures.
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Figure 61 : Changes in the culture filtrate antigens patterns during the growth of 
Aspergillus fumigatus strain FHT 82 in peptone containing medium after separation in 
IFF 4..6.S, blotting and detection by immunological staining with hyperimmune 
polyclonal rabbit a-Aspergillus fumigatus antiserum (AK3)
Rpnr 3 
Rpnr 7
<— Rpnr 10
Rpnr 11
Rpnr15c
batch batch batch batch type A
Z16 Z16 Z16 Z16 (early)
4 d 15d 20 d 31 d standard
Separation: pH gradient 4-6.5, 2000 V; 2.5 mA, 500 Vh, 5 pg/lane; blotting: 0.6 mA/cm , 10 min; detection: 
immunological detection see "2.11.4.3. Procedure of immunological detection", p.152 (hyperimmune polyclonal 
rabbit a-Aspergillus fumigatus antiserum)
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3.3.3. Comparison between the time course of the release of antigens from Aspergillus 
fumigatus grown in Czapek Dox (CZ) and peptone containing media (PEP)
In Figure 62, p.273 immunostained blots of young and old Czapek Dox and peptone media 
culture filtrates are compared. It can be seen that very different band patterns are present.
The antigens produced in young (4 days) Czapek-Dox broth cultures all show a similar pattern 
with major antigen present being Rpnr 11. The band in the region of Rpnr 3 was not the true 
Rpnr 3 protein as its IE? was slightly more acidic. A similar protein had previously been 
identified in Figure 29, p.201 from Aspergillus fumigatus FHT 82 batch Z21 (Czapek-Dox 
broth, type A pattern).
The typical antigenic band produced in old Czapek-Dox cultures is Rpnr 3. This band was also 
found in both the young and old peptone culture patterns. In young cultures it was one of 4 
bands with similar intensities (Figure 62, p.273, lane 3). After 31 days it was the major 
component in the culture filtrate (Figure 62, p.273, lane 6). In comparison to old Czapek-Dox 
cultures Figure 62, p.273, lane 4...5) less background was observed.
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Figure 62 : Comparison of the IFF blotting patterns from young and old culture filtrate 
antigens of Aspergillus fumigatus FHT 82 from Czapek Dox (CD) and peptone containing 
broth (P) using hyperimmune polyclonal rabbit a-Aspergillus fumigatus antiserum (AK3) 
for detection
Rpnr 3
Rpnr 11 — - r-t--
Z20 Z23 Z16 Z20 Z23 Z16
5d 4 d 4 d 30 d 31 d 31 d
CD CD P CD CD P
Separation: pH gradient 4-6.5, 2000 V; 2.5 mA, 500 Vh, 5 pg/lane; blotting: 0.6 mA/cm , 10 min; detection: 
antibody staining, see "Materials and methods"
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3.3.4. Antigenic components in culture filtrates from 7 batches of Aspergillus fumigatus 
cultures 4 weeks grown in Czapek-Dox medium
3.3.4.1. Detection of antigens in blotted lEF gels from different batches of culture filtrate 
antigens from Asversillus fumisatus
Silver staining of lEF gels indicated that there were considerable differences in the protein 
contents of the culture filtrates from different batches of Aspergillus fumigatus grown 4 weeks 
in synthetic Czapek - Dox broth (Figure 46, p.236). When the antigenic components in the 
culture filtrates were identified by immunoblotting it was found that this enhanced the 
differences between the batches of so that it was possible to divide the antigen patterns into two 
groups designated as type A and type B. (Figure 63, p.276)
Type A was found in batches Z18, Z19 and Z21 and was characterised by having
- more proteins that focused at alkaline pH than the band patterns seen in type B
- Rpnr 3 was either absent or present in low amounts
- Rpnr 11 and 12 were present at high concentrations
- additional antigenic bands with lEP below pH 5.0 (Rpnr 15a - Rpnr 16) were present
Type B was found in batches Z15, Z20, Z23 and Z24 and was characterised by showing
- no antigens that focused above pH 5.0 (> Rpnr 14)
- high levels of Rpnr 3 were always present
- Rpnr 11,12 and 13 were absent or only present in very low concentrations
When immunoblots were run with equal amounts of the test culture filtrate antigens were 
compared, the overall intensity of type A batches (especially batch Z18) was low in comparison
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with the type B batches. To get pattern of similar intensity a 15 times higher protein amount 
was necessary.
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Figure 63 : Variations between the culture filtrate antigens from 7 batches of Aspergillus 
fumigatuSf blotted from IFF 4.0...6.5 gels, and detected with rabbit anti- Aspergillus 
fumigatus antibodies (AK3)
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Standard blotting procedure onto nitrocellulose 
Isoelectric point / pH
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3.3.4.2. Blotting of SDS-PAGE electrophoresis gels and subsequent!nal staining with gold or 
antibody
Five batches of culture filtrate antigens prepared from 4 week old cultures of Aspergillus 
fumigatus strain FHT 82 grown in Czapek-Dox broth were separated by SDS-PAGE followed 
by immunoblotting. An attempt was then made to improve the detection (colloidal gold 
staining) of proteins blotted onto nitrocellulose membranes after separation by SDS-PAGE but 
low intensity staining was found.
In immunoblotting an immunodominant band was identified in a molecular weight range of 30 
to 43 kD. The protein was present at high concentrations in batches Z15 and Z21, at medium 
concentrations in batches Z18 and Z20 and at a very low concentration in batch Z19. The 
antigen band was visible under reduced as well as under non-reduced conditions suggesting that 
it is a single peptide chain without sulphur linked subunits. A second antigen with a molecular 
weight of approximately 20 kD was also detected both under non-reducing and reducing 
conditions in all samples tested (results not shown).
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3.3.4.3. Detection of antigens in ELISA of 5 different batches
The results of the ELISA determinations using different antigen samples to coat the wells of the 
plate can only be compared if the antibody dilution curves have similar slopes. The curves of 
extinction coefficients obtained using culture filtrate antigens taken from different batches are 
given in Figure 64, p.280 and show that there was sufficient similarity between the dilution 
curves to allow a comparison to be made between antigen samples.
An antibody dilution of 1:800 was used as a test probe and all results were compared with a 
common reference antigen sample (batch Z15 of strain FHT 85). The results are shown in 
Figure 65, p.281 calculated as percent reactivity using the reference antigen as 100%. The 
batches of test antigens gave a range of reactivities between 42... 150%. Batches of antigens that 
showed the type B profile in immunoblotting were highly reactive in the ELISA with 
reactivities over 100% (Z15, Z20). Type A antigens showed reactivities below that of the 
reference antigen.
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Figure 64 : The antibody dilution curves obtained using an ELISA assay with different 
batches of Aspergillus fumigatus, strain FHT 82 as the coating antigen tested against 
polyclonal hyperimmune rabbit anti Aspergillus fumigatus serum
Extinction 
at 405 nm
Coating antigen
batch Z15
batch Z18
batch Z19
batch Z20
batch Z210,5 -
6 8 97 10 11 12 13
- log 2 (antibody dilution)
coating antigen concentration: 20 gg/ml; conjugate : 1:500
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Figure 65 : Results of ELISA with culture filtrates from 5 batches of Aspergillus fumigatus 
strain FHT 82 as the coating antigens using antigens of batch Z15 strain FHT 85 as a 
100% reference
% reactivity 
of reference
180
160
140
120
100 4- -
80
60 - -
40 - -
20 - -
0
batch Z15 
type B
batch Z18 
type A
batch Z19 
type A
batch Z20 
type B
batch Z21 
type A
eating antigen concentration: 20|ig/ml; antibody : hyperimmune polyclonal rabbit a-Aspergillus fumigatus 
antiserum, 1:800; conjugate : 1:500, reference: Aspergillus fumigatus antigen (FHT 85, batch Z15),
281
3. Results
3.3.4.4. Detection of antigens by immunodiffusion from different batches of culture filtrates 
from Asversillus fumisatus
Precipitating antibodies contained in the test antiserum were detected using Ouchterlony double 
immunodiffusion. Antigen preparations from five batches (Batch Z15, Z18, Z19, Z20, Z21) of 
4 weeks old Czapek-Dox culture filtrates were tested as described in "2.9. Double 
immunodiffusion", p. 136. An antigen concentration of 10 mg/ml was selected ("3.1.8. 
Determination of optimal antigen concentration for immunodiffusion", p. 187)
Double immunodiffusion was done with antigens from all five batches at a concentration of 10 
pg/pl. A single faint band was obtained with the antigens from batch Z15 and Z21. No 
precipitation was detected using antigen batches Z18, Z19 and Z20.
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3.3.5. Antigenic components in culture filtrates from different strains of Aspergillus 
fumigatus
3.3.5.1. Detection of antigens using rabbit a  Aspergillus fumigatus serum as a probe in blotted 
lEF gels of 6 different strains o f Asversillus fumigatus from batch Z15
The results in show the different antigen compositions of the culture filtrates from Aspergillus 
fumigatus strains FHT 48, FHT 82, FHT 83, FHT 84, FHT 85 and FHT 93 as identified by 
hyperimmune polyclonal rabbit a-Aspergillus fumigatus antiserum (AK3). All the test strains 
were grown and processed parallel. Considerable variations were seen in the antigen 
composition of the culture filtrates from the different strains tested but all showed 
characteristics of type A (early type) lEF blotting pattern. It can be seen (Table 36, p.283) that 
Rpnr 3, 8 and 9 antigen bands were present in all strains. The antigen bands Rpnr 2, 15e and 16 
were only found in strain FHT 83 but they were also found in other batches e.g. of strain FHT 
48 or 82. The batch to batch variation overlays the strain to strain variation ("3.3.6. A summary 
of the immunological reactivities of Aspergillus fumigatus culture filtrate proteins from 
different batches and from different strains", p.290).
Table 36 : Occurrence of reference antigen bands in tbe culture filtrates from 
Aiifereni Aspergillus fumigatus strains tbat were grown and harvested under identical 
conditions
appearance Rpnr
6 of 6 strains 3 ,8 ,9
5 of 6 strains 6,12,13
3 of 6 strains 1,7,10,11
1 of 6 strains 2 , 15e, 16
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Figure 66 : The variation shown between the culture filtrate antigens from 6 strains of 
Aspergillus fumigatus, blotted from IFF pH 4...6.S and immunological probed with rabbit 
anii-Aspergillusfumigatus antibodies
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3.3.5.2. Detection of antigens in blotted SDS-PAGE gels of different strains of Aspergillus 
fumigatus
As previously mentioned in section "3.3.4.2. Blotting of SDS-PAGE electrophoresis gels and 
subsequentinal staining with gold or antibody", p.278, accurate determinations of the molecular 
weights of the culture filtrate antigens was difficult. However an immunological reactive region 
between 30 and 43 kD was detected both under reduced and non-reduced conditions in all the 
strains of Aspergillus fumigatus. Under reduced conditions 4 strains (FHT48, 82, 83, 85) 
showed very broad, strong reactive areas in this region with two strains (FHT 84 and FHT 93) 
showing 2 distinct bands. Non-reduced conditions revealed sharper bands in this region, up to 
three distinct bands were visible in all strains. Generally blotting of SDS gels under reducing 
conditions resulted in stronger reactivities for the culture filtrate proteins of molecular weights 
between 30 to 43 kD. In the low molecular weight range below 30 kD only one band of 
approximately 20 kD was visible in all strains with the exception of FHT 83. Under reduced 
conditions no clear antigen bands were detected in this range (Results not shown).
3.3.5.3. Detection of antigens in ELISA of different strains
When the culture filtrate antigens from the different strains of Aspergillus fumigatus were used 
for coating in indirect ELISA system, similar slopes were obtained for the antibody dilution 
curves using hyperimmune polyclonal rabbit a-Aspergillus fumigatus antiserum. Four of the six 
test strains (FHT 48, 83, 85, 93) gave very similar extinction values throughout the antibody 
dilution range (Figure 67, p.287. The extinction values for strain FHT 84 were lower for all 
dilution steps, and those of strain FHT 82 were higher at serum dilution of 1:200 and 1:400. 
When the extinction values at a serum dilution of 1:800 were compared with those of reference 
strain FHT 85 (Figure 68, p.288) strains FHT 48, 83, 85 and 93 showed very similar
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reactivities. Strain FHT 82 antigens 'were 30% more reactive and those of FHT 84 were about 
60% less reactive than strains FHT 48, 83, 85 and 93.
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Figure 67 : Antibody dilution curves obtained from an ELISA system using culture 
filtrate antigens from different strains of Aspergillus fumigatus as coating antigens tested 
against hyperimmune polyclonal rabbit smti-Aspergillus fumigatus antibodies
extinction 
at 405 nm coating antigen
strain FHT 48
strain FHT82
2,5 -
strain FHT 83
strain FHT 84
strain FHT 85
strain FHT 93
- n
119 108 12 137
-log2 (antibody dilution)
coating antigen concentration: 20 |ig/ml; conjugate : 1:500
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Figure 68 : Results of the ELISA using culture filtrates from 6 strains of Aspergillus 
fumigatus as the coating antigens using with the antigen of strain FHT 85 batch Z15 as 
the 100% reference
% reactivity 
of reference
FHT
48
FHT
82
FHT
83
FHT
84
FHT
85
140 -p
120 -
100 --f
60 - -
40 - -
20 - -
strain strainstrain strain strain strain
FHT
93
Gating antigen concentration: 20 ng/ml; antibody : 1:800; conjugate: 1:500; reference: Aspergillus fumigatus 
antigen (FHT 85, batch Z15), anti-Aspergillus fumigatus antibody
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3.3.5.4. Detection of antigens in immunodiffusion of different strains
The reactivities of the culture filtrate antigens of the different strains against neat rabbit anti- 
Aspergillus fumigatus antisera (AKl) was poor. Only a single identical band was detected in 
strain FHT 48, 83, 84, 85 and 93, no lines of precipitation were detected in FHT 82 (Results not 
shown).
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3.3.6. A summary of the immunological reactivities oî Aspergillus fumigatus culture 
filtrate proteins from different batches and from different strains
In this section the antigens contained in culture filtrates of Aspergillus fumigatus were 
examined by various methods using hyperimmune polyclonal rabbit mti-Aspergillus fumigatus 
antiserum as the probe. Strong variations were found in every examination (time course, batch- 
to-batch and strain-to-strain comparisons), which pointed out the necessity of standardisation of 
the antigen preparation. Overall the most reliable results were obtained when lEF - blotting 
methods were used. Other methods were found to be insensitive (Immunodiffiision), less 
reproducible and strongly denaturing (SDS-PAGE - blotting) or not useful to test complex 
mixtures of antigens (ELISA).
In the time course experiments, two distinctive patterns of antigen release were found, one from 
young cultures ( 8 days) and the other from late phase cultures (13 to 30 days). Similar of 
patterns of antigen release were found in 7 batches of the cultures from a single strain of 
Aspergillus fumigatus, (FHT 82) grown under identical conditions (4 weeks cultivation in 
Czapek-Dox broth). The two band pattern types were found which were designated as type A 
and type B with type A representing the "early" phase release patterns, whereas type B was 
similar to the "late" growth pattern. Strong variations were also found between strains of 
Aspergillus fumigatus, these variations in antigen release were all similar to those found in the 
type B pattern.
In Figure 69, p.292 all the available lEF - blotting patterns obtained from the culture filtrates 
are summarised and sorted according to the final pH value of the culture filtrates.
The results in Figure 69, p.292 can be divided in 3 groups.
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1. Early phase pattern: Final culture filtrates with pH values up to pH 6.1.
Members in this group show high levels of Rpnr 11 and
12.
2. Intermediate phase pattern: Culture filtrates with final pH values between 6.4 and 6.8.
Typical proteins of early and late phase pattern were both 
visible.
3. Late phase pattern: Culture filtrates with final pH values above pH 7.0 and
they contained protein Rpnr 3.
These patterns were found when fungi were grown in Czapek-Dox media. Culture filtrates 
obtained when Aspergillus fumigatus strains were grown in peptone containing media all 
showed a late phase band pattern containing Rpnr 3.
The blotting of SDS-PAGE gels showed a large range of immunologically reactive proteins of 
molecular weights between 30 and 43 kD which appeared as broad and fuzzy bands. No 
reproducible differences between batches and strains were found in the SDS-PAGE patterns.
The use of different culture filtrate antigens in an ELISA assay with hyperimmune polyclonal 
rabbit a-Aspergillus fumigatus antiserum as a probe, showed variations in the batch to batch 
reactivities of 98.6% ± 41.1, and strain to strain reactivities of 92.3% ± 29.3 The stronger 
batch-to-batch variation indicates the need of a high resolution analytical system for 
examination of crude Aspergillus fumigatus antigens in order to standardise ELISA detection 
systems.
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Figure 69 : Overview of the culture filtrate derived antigens from various batches and 
strains of Aspergillus fumigatus grown in Czapek Dox broth, separated by IFF pH 4...6.S, 
blotted, probed with hyperimmune polyclonal rabbit a-Aspergillus fumigatus antiserum 
and sorted according to the final pH values of culture filtrates.
amount of protein: 5|ig/lane (*75 pg to get similar intensity of staining), hyperimmune polyclonal rabbit a- 
Aspergillus fumigatus antiserum (AK3) 1:50, secondary antibody: goat a-rabbit IgG whole molecule peroxidase 
conjugate 1:500
Legend:
Intensity 0 00 000 . . dobd
very weak weak medium strong absent 
back. = background staining
pH pH value measured in culture filtrate
Reference proteins narrow range (Rpnr)
Definition of type A and type B see "3.3.4. Antigenic components in culture filtrates from 7 
batches o f Aspergillus fumigatus cultures 4 weeks grown in Czapek-Dox medium", p.274) 
0,1,2.. Numbers of defined reference bands (Figure 25, p.l96).
No number The band could not be related to any standard. The band was found between the
neighbouring bands.
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3.3.7. Antigenic components in somatic extracts of Aspergillus fumigatus grown in 
Czapek Dox medium
Aspergillus fumigatus was grown in Czapek-Dox medium using standard conditions ("2.1.3. 
Cultivation of fungi", p. 129) and harvested after 4 days and 20 days. The pH values of the 
culture filtrates after 4 days and 20 days were pH 6.2 and 8.8 indicating the change of growth 
stage of the fungus.
Proteins were prepared from both phases (culture filtrate and mycelia) as described in ("2.2. 
Treatment of antigens from culture filtrates", pl30"). 4 samples were obtained representing 
early and late somatic and early and late culture filtrate proteins.
The protein composition of the sample was analysed by silverstained lEF pH 4...6.5. The 
results are shown in "3.2.5. Somatic components of Aspergillus fumigatus grown in Czapek- 
Dox medium", p.246. The samples were also blotted and probed with rabbit a-Aspergillus 
fumigatus antiserum. The results of blotting are shown in Figure 70, p.295.
In the early phase of growth similar antigen patterns were found for the mycelial and culture 
filtrate antigens.
In the late phase culture filtrates (culture filtrate pH > 6.5 .. 7.0) a different antigen band pattern 
was obtained with the late phase protein Rpnr 3 being found as the major component. The 
somatic band pattern found with the somatic antigens from the late growth phase was similar to 
that found for early growth.
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Figure 70 : Comparison of IFF blotting patterns of somatic and culture filtrate antigens 
in early and late phase of growth using hyperimmune polyclonal rabbit a-Aspergillus 
fumigatus antiserum AK3 as a probe
Rpnr 11
^ ^ R p n r  3
type A culture somatic somatic culture type B 
(early) filtrate antigens antigens filtrate (late) 
standard 20 d 20 d 4 d 4 d standard
Separation: pH gradient 4-6.5, 2000 V; 2.5 mA, 500 Vh, 5 pg/lane; blotting: 0.6 mA/cm , 10 min; detection: 
antibody staining using hyperimmune polyclonal rabbit a-Aspergillus fumigatus antiserum
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3.4. A comparison of Aspergillus fumigatus culture filtrate antigens with those from other 
fungi
In "3.2. Detection of protein components in Aspergillus fumigatus ", p.213 and "3.3. Detection 
of the antigenic components in Aspergillus fumigatus ", p.263 an overview of proteins and 
antigens of Aspergillus fumigatus was given. The aim of this section is to compare these 
proteins / antigens with those of other fungi that have been associated with bovine mycotic 
abortion. Bands detected in lEF were related to the established reference system (Rpnr = 
reference protein narrow range). In SDS-PAGE, molecular weights of the separated 
components were determined by reference to molecular weight markers.
3.4.1. Proteins found in other test fungi
The proteins released into Czapek Dox medium by the test fungi after 4 weeks incubation were 
examined by lEF and SDS electrophoresis. In all cases proteins were located in the 
electrophoresis gels by silver staining.
3.4.1.1. lEF protein pattern of non-Aspergillus fumigatus fungi
The silver stained lEF 4-6.5 patterns of the culture filtrate proteins from non-Aspergillus 
fumigatus fungi, were compared to the reference system, and are shown in Figure 71, p.299. 
Aspergillus terreus, FHT 52 was excluded from this table because no bands were found. In 
some species additional bands were found which obviously had isoelectric points that differed 
from those of the reference proteins. In order to detect the proteins produced by most of the test 
species it was necessary to increase the amount of protein added to 50 pg / lane.
Absidia species FHT 40 and FHT 41 produced proteins that were similar to those o f Aspergillus 
fumigatus, except for Rpnr 4 and Rpnr 6 - 6b. An additional protein was found in both species
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with an isoelectric point of > pH 6.45 (below Rpnr 16). FHT 42, which is also a species of 
Absidia released 3 proteins at Rpnr 6,6b and below pH 6.45 (below Rpnr 16).
Rhizopus microporus (strain FHT 44) showed a band pattern that was similar to Absidia species 
FHT 41, additional protein bands were detected at Rpnr 11 and 11a together with an new 
protein between Rpnr 15e and Rpnr 16.
Aspergillus clavatus, FHT 45 produced proteins that focused as bands between Rpnr 1 and 
Rpnr 11a but Rpnr 3 was not found.
Aspergillus fischeri, FHT 46, which is a member of the Aspergillus fumigatus group (Raper and 
Fennell 1965) was the only species which produced Rpnr 3 with medium intensity. Rpnr 7 was 
not seen but an additional band that focused between 7 and 7a was detected. New proteins were 
found that focused between Rpnr 15 c and 15 d. The complete results of these studies are 
shown in Figure 71, p.299
The presence of protein bands separated by lEF pH 4...6.5 after blotting and detection with 
hyperimmune polyclonal rabbit a-Aspergillus fumigatus antiserum in different species was 
divided into four groups, designated as follows:
- common = 100 % appearance in all species
- frequent = 99% - 66 % appearance in all species
- not found in non-Aspergillus fumigatus species
This classification is related to the common Rpnr system. It must be kept in mind that the 
reference proteins themselves are not necessarily common to all batches and strains of 
Aspergillus fumigatus.
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Table 37 : The occurrence of culture filtrate proteins released by non-Aspergillus 
fumigatus species with isoelectric points similar to the reference proteins produced by 
Aspergillus fumigatus separated in isoelectric focusing pH 4 - pH 6.5 and detected with 
silver staining
Group reference protein narrow range 
(Rpnr)
common /
frequent 4, 5, 7, 8
not found in non-Aspergillus fumigatus 
species
12, 15a, 15b, 15c, 15
0/1 = protein band between Rpnr 0 and Rpnr 1
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Figure 71: Culture filtrate proteins released by non-Aspergillus fumigatus fungi. 
Separated in lEF 4...6.S, silver stained and related to reference proteins of Aspergillus 
fumigatus
lEF 4...6.5, amount of protein: 5 /  SOpg/lane as indicated, silverstained
Legend:
Lane Species
1 Absidia corinttera, FHT 40, batch 19
2 Absidia corinttera, FHT 40, batch 19
3 Absidia ramosa, FHT 41, batch 19
4 Absidia ramosa, FHT 41, batch 19
5 Absidia V73/9, FHT 42, batch 19
6 Absidia V73/9, FHT 42, batch 19
7 Rhizopus microporus, FHT 44, batch 19
8 Rhizopus microporus, FHT 44, batch 19
9 Aspergillus clavatus, FHT 45, batch 18
10 Aspergillus clavatus, FHT 45, batch 18
11 Aspergillus clavatus, FHT 45, batch 22
12 Aspergillus fischeri, FHT 46, batch 18
13 Aspergillus fischeri, FHT 46, batch 18
14 Aspergillus flavus, FHT 47, batch 22
15 Aspergillus nidulans, FHT 49, batch 22
16 Aspergillus niger, FHT 50, batch 22
Intensity 00 000
very weak weak medium strong absent
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lane 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
batch 19 19 19 19 19 19 19 19 18 18 22 18 18 22 22 22
strain 40 40 41 41 42 42 44 44 45 45 45 46 46 47 49 50 lEP
Rpnr 5gg 50gg 5gg 50gg 5gg 50gg 5pg 50gg 5pg 50gg 5 pg 5pg 50pg 5gg 5pg 5pg pH
backg.
4.1
backg.
backg.ooo000
backg.
backg.ooo
backg.
o « .
two II backg.
backg.
10a
15a
15b
15c
15d
15e
6.5
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3.4.1.2. SDS PAGE protein pattern of the test non-Aspersillus fumisatus fungi 
The culture filtrate proteins from non-Aspergillus fumigatus species were analysed by SDS- 
PAGE to determine the molecular weights of the constituent proteins. Electrophoresis was done 
both under non-reducing, and reducing conditions as described in "2.11.2. SDS-PAGE", p. 146. 
When protein quantities equal to those used in Aspergillus fumigatus analyses (7 pg) were 
applied to the gel, only very weak patterns were obtained. Under non-reduced conditions no 
proteins could be detected in the culture filtrates from Absidia spec. FHT 42, Rhizopus 
microporus FHT 44 and Aspergillus terreus FHT 52. Proteins of molecular weights between 
36.3 to 38.7 kD were produced by in Absidia corinttera FHT 40, Absidia ramosa FHT 41, 
Aspergillus fischeri FHT 46 and Aspergillus niger FHT 50. The only species which showed an 
.Aspergillus fumigatus “-likQ rich band pattern, was the closely related Aspergillus fischeri 
(which belongs to the Aspergillus fumigatus group)
No proteins could be detected in samples from Absidia corinttera FHT 40, Absidia V 73/9 FHT 
42 and Rhizopus microporus FHT 44 under reduced conditions. When protein patterns were 
obtained, in general more bands were seen above and below the molecular weights of bands 
that were detected under non-reduced conditions. Species showing visible patterns under both 
reducing and non-reducing conditions were compared. \n Absidia ramosa FHT 41 proteins of 
molecular weights 34.8, 63, 80.5 and 86.6 kD were detected under reduced conditions 
additional to the proteins of molecular weights 38.2 and 55 kD detected under the non reduced. 
With ^ 5/7. clavatus FHT 45 dindAsp. niger FHT 50, additional bands were exclusively found in 
a range higher than those of detected under non-reducing conditions. In Aspergillus fischeri 
FHT 46 proteins with lower molecular weights than those detected under non-reducing 
conditions were found to be due to the release of subunits from larger proteins. One protein of 
molecular weight 14 kD appeared to be a major reduced component of the culture filtrate
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proteins of this species. The complete results are shown in Figure 72, p.303, (non-reduced SDS 
PAGE) and in Figure 73, p.304 (reduced SDS-PAGE).
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Figure 72: Molecular weights of culture filtrate proteins isolated from non-Aspergillus 
fumigatus species as determined by non-reduced SDS-PAGE 12.5% T
kD
14.1
20.1
30
43
67
94
kD
14.1
20.1
30
43
67
94
kD
94
kD
strong
Absidia corinttera FHT 40
37.1
00
52.0 56.5
71.5 78.3 83.9
0
Aspergillus clavatus FHT 45
36.3
47.2
Aspergillus fischeri FHT 46
14.1
20.1 21.1 24.3
0 0
30 30.0 30.8 33 9 36.7
0 0 00 0
43 55.0 65.7
00 0
67 80.5 89.1
000 00
Absidia ramosa FHT 41
37.3
51.0 55
00 00
Aspergillus niger FHT 50
38.7
67 75.6
00
Aspergillus fumigatus FHT 85
19.7
00
30.4 31.4 33.6 40.1 41.6
00 000 00
45.2 50.6 55
000 000
72.8 82.4 94.0
00 000 0
101.4 111.4
000
000 00
medium weak very weak absent
7 |ig protein / lane
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Figure 73: Molecular weights of culture filtrate proteins of non-Aspergillus fumigatus 
species determinated by reduced SDS-PAGE 12.5% T
kD Absidia ramosa FHT 41 Rhizopus microporus FHT 44
14.1
20.1
30
43
67
94
34.8 38.2
o 00
55 63
oo
80.5 86.6
00
18.0
00
24.0 25.1 26.1 28.9
00 00
32 34.9 36.1 37.3
o 00
51.5 57.1 69.8 79.7 86.
00 00 00
kD Aspergillus clavatus FHT 45 Aspergillus fischeri FHT 46
14.1
20.1
30
43
67
94
34.8 38.2
00
55 63
00
80.5 86.6
00
14.1
21.9 24.7 27.2
000 o
32 34.5 36.5 38.1
00 000 o 000
57.7
69.3 76.4 83.4 92.8
000 00
96.3 98.7
o 000
kD Aspergillus niger FHT 50
14.1
20.1
30
43
67
94
41
71.8 82.4
000 00
95.3 105.6
00 000
I strong
000 00
medium weak very weak absent
7 jig protein / lane
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3.4.2. Crossreactivities between tbe culture filtrate antigens from Aspergillus fumigatus 
and otber fungi
3.4.2.1. Detection of antigens in blotted lEF gels of non-Asversillus fumigatus fungi 
After the culture filtrate proteins released by non-Aspergillus fumigatus species were identified 
by lEF 4.0...6.5 the protein components that react with hyperimmune polyclonal rabbit a- 
Aspergillus fumigatus were detected by immunoblotting. In comparison with the silver stained 
patterns immunoblotting showed a reduced number of components. The lower sensitivity of the 
blotting detection could be a reason for this, but the reduction in sensitivity was not equal in 
different zones of the patterns. In the range between Rpnr 9a to Rpnr 12, in fact, a relative 
increase of staining intensities was observed.
No detectable bands in lEF at 100 pg/lane protein were found mAsp. niger (FHT 50) and 
terreus (FHT 52).
The blotting patterns obtained were summarised and divided into four groups as in Table 37, 
p.298 and are shown in Table 38, p.306.
- common = 100 % appearance in all species
- frequent = 99% - 66 % appearance in all species
- not found in non-Aspergillus fumigatus species
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Table 38 : Occurrence of antigens in tbe culture filtrates of non Aspergillus fumigatus 
species tbat bad similar isoelectric points to tbe reference proteins of Aspergillus 
fumigatus type A and type B
Group reference protein narrow range 
(Rpnr)
common /
frequent 9,10,11
not found in non-Aspergillus fumigatus 
species
0/1*, 4, 5, 6a, 6b, 6b/7, 7/7a, 7a/7b, 7b, 13, 
14/15a, 15a, 15b, 15c, 15c/16
* 0/1 = protein band between Rpnr 0 and Rpnr 1
On comparing the proteins in Table 37, p.298 with those reacting against anti Aspergillus 
fumigatus antibodies (Table 38, p.306) it can be seen that Rpnr 3 appears either to be a specific 
antigen for Aspergillus fumigatus or else is specific for the Aspergillus fumigatus! Asp. fischeri 
cluster of fungi when considered in terms of the fungi that are associated with bovine mycotic 
abortion. Other bands were also of interest e.g. Rpnr 4, 5, 13, 15a, 15b, 15c but Rpnr 3 was 
found in 11 of 12 culture filtrates of different batches and strains of Aspergillus fumigatus 
showing pH values > pH 6.8 and it was consistently found in culture filtrates of peptone 
containing broth. The absence of Rpnr 3 in a set of non-Aspergillus fumigatus culture filtrate 
antigens was confirmed by using lEF-overlay method (Figure 75, p.309). It is possible that 
serological tests using this antigen could be of value in the diagnosis of mycotic abortion due to 
Aspergillus fumigatus.
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Figure 74: Antigens found in culture filtrates of non-Aspergillus fumigatus fungi, 
separated using IFF 4-6.5, blotted witb rabbit nnii-Aspergillus fumigatus antibodies, and 
related to reference proteins oi Aspergillus fumigatus
amount of protein; hyperimmune polyclonal rabbit a-Aspergillus fumigatus antiserum (AK3) 1:50, secondary 
antibody: goat a-rabbit IgG whole molecule peroxidase conjugate 1:500
Lane Species
1 Absidia corinttera, FHT 40, batch 19,5 pg
2 Absidia corinttera, FHT 40, batch 19, 50 pg
3 Absidia ramosa, FHT 41, batch 19, 5 pg
4 Absidia ramosa, FHT 41, batch 19, 50 pg
5 Absidia V12> 19, FHT 42, batch 19, 5 pg
6 Absidia V73/9, FHT 42, batch 19, 50 pg
7 Mucor V70/173, FHT 43, batch 22, 5 pg
8 Mucor V70/173, FHT 43, batch 22, 50 pg
9 Rhizopus microporus, FHT 44, batch 19,5 pg
10 Rhizopus microporus, FHT 44, batch 19, 50 pg
11 Aspergillus clavatus, FHT 45, batch 18, 5 pg
12 Aspergillus clavatus, FHT 45, batch 18, 50 pg
13 Aspergillus clavatus, FHT 45, batch 22, 5 pg
14 Aspergillus clavatus, FHT 45, batch 22, 50 pg
15 Aspergillus fischeri, FHT 46, batch 18,5 pg
16 Aspergillus fischeri, FHT 46, batch 18, 50 pg
17 Aspergillus flavus , FHT 47, batch 22, 5 pg
18 Aspergillus nidulans, FHT 49, batch 22, 5 pg
19 Aspergillus nidulans, FHT 49, batch 22, 50 pg
Intensity 00 000
very weak weak medium strong absent
back. = background
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19
batch 19 19 19 19 19 19 22 22 19 19 18 18 22 22 18 18 22 22 22
strain
Rpnr
40 40 41 41 42 42 43b 43b 44 44 45 45 45 45 46 46 47 49 49 lEP
pH
000 000 000
00 00 ooo ooo 4.1
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5
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6a 
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Figure 75 : Occurrence of Rpnr 3 in IFF blotting spectra of non -Aspergillus fumigatus 
culture filtrate antigens
Rpnr 3
mm#
Absidia Absidia 
corinttera ramosa 
FHT 40 FHT 41
Absidia Mucor Rhizeopus Aspergillus 
V73/9 V70/173 microporis clavatus
FHT 42 FHT 43 FHT 44 FHT45
Separation: pH gradient 4-6.5, 2000 V; 2.5 mA, 500 Vh, 100 pg/lane; blotting: 0.6 mA/cm , 10 min; detection: 
antibody staining, see "Materials and methods"
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3.4.2.2. Comparison of non Aspersillus fumigatus proteins / antigens found in silverstained and 
blotted lEF dH 4...6.5 gels using AK3 as a detector antibodv
When the results from the analysis of the culture filtrate proteins and the antigens reactive with 
hyperimmune polyclonal rabbit a-Aspergillus fumigatus antiserum were compared the 
reactivity of proteins with the antibody probe did not always compare with their reactivity with 
the silver stain.
These observations documented in Figure 76, p.312 using Absidia corinttera FHT 40 and 
Rhizopus microporus FHT 44 as examples.
The pattern of silverstained and blotted gels were compared which is not absolutely reliable 
because of the different spreading of the pH gradient in different runs of isoelectric focusing. 
However differences were found between strongly staining bands in silverstaining and those 
detected by immunoblotting which could not be due to different pH spreading.
In the pattern of Rhizopus microporus FHT 44 for example about 3...4 strong bands were found 
in the range of Rpnr 4...7. In this case Rpnr 7 was identified in both silverstained and blotting 
patterns by overlay, however the corresponding range of proteins when examined by 
immunoblotting show only one medium band. The reverse of this was found in the range of 
Rpnr 9-12 were only weak or very weak signals were found in silver stain but strong signals 
were generated in immunoblotting.
This may have been due to:
• Some proteins staining to a greater or lesser extent with silver stain because of their different 
amino acid or carbohydrate side chain compositions.
• As the intensity of individual bands on silverstaining shows more or less the correct protein 
concentration for each band then the proteins that show different immunological reactivities 
in immunoblotting must have different distributions of the epitopes that are expressed on
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Aspergillus fumigatus antigens. Also epitopes may be similar but not identical to those 
found in Aspergillus fumigatus.
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Figure 76 : Comparison of silverstained and blotted (hyperimmune polyclonal rabbit a- 
Aspergillus fumigatus antiserum) IFF pH 4...6.S pattern of culture filtrate proteins of 
Absidia corinttera FHT 40 and Rhizopus microporus FHT 44
Rpnr 11
Rpnr 7
. . - r ,
a
Absidia Absidia Rhizopus Rhizopus
corinttera corinttera microporis microporis 
FHT 40 FHT 40 FHT 44 FHT 44
blotting silverstain silverstain blotting
100 pg 50 pg 50 pg 100 pg
Separation; pH gradient 4-6.5, 2000 V; 2.5 mA, 500 Vh, 100 pg/lane; blotting: 0.6 mA/cm , 10 min; detection: 
immunological detection see "2.11.4.3. Procedure o f  immunological detection", p .152 (hyperimmune polyclonal 
rabbit a-Aspergillus fumigatus antiserum) and silver staining"
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3.4.2.3. Detection of antigens in blotted SDS-PAGE gels of non-Aspergillus fumisatus fungi 
Corresponding protein separations to those used to determine the molecular weights of the 
culture filtrate proteins were blotted onto nitrocellulose, and their reactivity against rabbit 
polyclonal anti Aspergillus fumigatus antibodies was tested. Only culture filtrate antigens from 
Aspergillus clavatus FHT 45 and Aspergillus niger FHT 50 showed any reactivity with the 
antiserum. In Aspergillus clavatus FHT 45, weak fuzzy areas were seen in the molecular weight 
ranges between 30 and 43 kD and between 67 and 94 kD, under both reducing and non­
reducing conditions. Aspergillus niger showed a weakly reactive band at about 94 kD under 
reducing conditions. No other reactivity was found in culture filtrate patterns of other species. 
The weak pattern obtained with blotting indicated a lack of proteins reactive to the test 
hyperimmune polyclonal rabbit a-Aspergillus fumigatus antiserum. This could be explained by 
a loss of proteins during the transfer and development process thus reducing the levels of 
available proteins below the detection limit of the immunological reaction. Also the loss of 
conformational epitopes in the proteins as a result of SDS and 2-mercaptoethanol treatment 
could be responsible for the poor reactivities.
3.4.2.4. Detection of antigens in ELISA of non-Asversillus fumigatus fungi
Culture filtrate antigens of non-Aspergillus fumigatus fungi were tested for their reactivities in 
an ELISA using the same procedure as described in ,,2.10. ELISA methods", p.l38. Antigens 
were immobilised onto the polystyrene surface of the ELISA plate and rabbit anti-Aspergillus 
fumigatus polyclonal serum was used to evaluate the cross reactivities of the coated antigens. 
Typical antibody dilution curves were obtained with most test antigens (Figure 77, p.315) 
allowing the comparison of different reactivities. Only Aspergillus nidulans and Mucor V 
70/173 antigens showed a slightly different form of curve between 1:1600 and 1:6400. The 
highest extinction values were produced by Aspergillus niger FHT 50 and Aspergillus flavus
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antigens, and the lowest with those of Absidia V73/9 FHT 42. The results using a 1:800 
dilution of the test antiserum were standardised using the reference antigen {Aspergillus 
fumigatus strain 85, batch Z15), and plotted in Figure 78, p.316 . Species belonging to 
zygomycota showed crossreactivities below 20% whilst Aspergillus clavatus FHT 45, 
Aspergillus nidulans FHT 49, Aspergillus terreus FHT 52, Aspergillus fischeri FHT 46 and had 
crossreactivities between 25 and 40% of the reference. The highest crossreactivity of 63 % was 
detected when antigens of Aspergillus niger were tested in the ELISA.
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Figure 77 : Antibody dilution curves obtained from an ELISA system using culture 
filtrate proteins from 11 different non-Aspergillus fumigatus species as the plate coating 
antigens tested against hyperimmune polyclonal rabbit nnii-Aspergillus fumigatus serum
FHT 40, Absidia corintteraExtinction 
405 nm FHT 41, Absidia ramosa
FHT 42, Absidia V73/9
 X  FHT 43, Mucor V70/173
 X  FHT 44, Rhizeopus microporis2 , 5 -
FHT 45, Asp. clavatus
FHT 46, Asp. fischeri
FHT 47, Asp. flavus
FHT 49, Asp. nidulans
FHT 50, Asp. niger
FHT 52, Asp. terreus
0 ,5
-log 2 (antibody dilution)
coating antigen : 20 pg/ml; conjugate : 1:500;
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Figure 78 : Results of ELISA using culture filtrate proteins from 11 non-Aspergillus 
fumigatus species as the coating antigens tested against hyperimmune polyclonal rabbit 
anti A fumigatus antibodies related to the results obtained using antigens of Aspergillus 
fumigatus strain FHT 85 of batch Z15
% reactivtiy to strain 
FHT 85 batch Z15
1 0 0  nr
90 
80 -  
70 -  
60 -  
50 
40 
30 -  
20 -  
10 
0
100
-  90
-  80
-  70
-  60 
50
4- 40 
30 
20 
4- 10 
0
Absidia Ahsida Absida Mucor Rhizeopus Asp. Asp. Asp. Asp. Asp. Asp.
corintera, ramosa, V73/9, V70/173 microporus,clavatus, fischeri, flavus, nidulans, niger, terreus,
FHT 40 FHT 41 FHT 42 FHT 43 FHT 44 FHT 45 FHT 46 FHT47 FHT49 FHT 50 FHT 52
coating antigen: 20 pg/ml; antibody: 1:800; conjugate: 1:500; reference: Aspergillus fumigatus antigen (FHT 85, 
batch Z15), hyperimmune polyclonal rabbit a-Aspergillus fumigatus antiserum
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3.4.3. Reactivities of antibodies raised against non-Aspergillus fumigatus culture filtrate 
antigens with antigens from Aspergillus fumigatus tested by ELISA
A collection of 11 rabbit antisera, raised against antigens from different fungal and bacterial 
species were tested against the culture filtrate antigens of Aspergillus fumigatus according to 
the procedure described in "2.11.4. Blotting", p. 150.
3.4.3.1. Detection o f Aspersillus fumisatus antigens in blotted lEF gels with antibodies against 
non-Aspersillus fumisatus fungi
The reactivities of heterologous antibodies were tested against antigens of Aspergillus 
fumigatus strains FHT 85 batch Z15 and FHT 82 batch Z21 which were separated by lEF pH 4 
- pH 6.5 and then blotted. These culture filtrates were chosen as they contained antigens 
representative of either the type A (FHT 82, batch Z21) or type B (FHT 85, batch Z15) when 
developed with the standard antibody (AK3). The separated antigens were blotted, the blots 
were cut into strips, and each strip was developed with a different antiserum raised against one 
of the test organisms. One strip from each blot was developed with anti Aspergillus fumigatus 
serum as a control. A dilution of 1:50 was selected for heterologous antibodies, whereas the 
standard antibody AK3 was used at a 1:100 . All steps were done according to the procedure 
given in "2.11.4.3. Procedure of immunological detection", p. 152. Even the though expected 
antigen band patterns were found in standard combinations (antigen = strain FHT 82 batch 21; 
strain FHT 85 batch 15; antibody = rabbit-anti-Aspergillus fumigatus, AK3), no reactive 
proteins were detected using the heterologous antibodies at 1:50 dilution.
317
3. Results
3.4.3.2. Reactivity of Aspersillus fumisatus antigens in an ELISA against antibodies against 
non-Asversillus fumisatus fungi
Antigens from strain FHT 85 batch Z15 were bound to the plastic surface of microtiter plates of 
20 pg/ml, which was the optimum antigen concentration as determined in "3.1.6. Validation of 
rabbit antibody detecting ELISA", p. 173. The test antisera were serially diluted from 1:25 to 
1:800 in borate buffered saline (BBS, pH 8.5) and then used as described in "2.10. ELISA 
methods", p. 138. Similar antibody dilution curves were obtained with n\\ non-Aspergillus 
fumigatus antibodies allowing the comparison of different results (Figure 79, p.319). The 
antibodies raised against Aspergillus fumigatus (AK3 and A K ll) showed much higher 
extinction values than those directed against other culture filtrate antigens. This result was 
found with early phase and late phase coating antigens The highest extinction value for the non- 
Aspergillus fumigatus antibodies was found with anti-Candidia (AK4) at 24 %, followed by 
nnti-Pseudomonas aeruginosa (AK7) at 15%. and only background extinction were shown with 
anti-Rhizopus antibodies (AK8) using late phase coating antigens. The crossreactivity of 
heterologous antisera never exceeded 10% level when early phase proteins were used. Less 
differences were observed between different antisera when early phase proteins were used as 
the coating antigens compared to the late phase proteins. All extinctions were related to 
Aspergillus fumigatus strain 85, batch Z15 and hyperimmune polyclonal rabbit a-Aspergillus 
fumigatus antiserum AK3 (Figure 80, p.320).
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Figure 79 : Dilution curves from an indirect ELISA using culture filtrate proteins from 
Aspergillus fumigatus strain FHT 85 batch 15 as the coating antigen and antibodies raised 
against antigens from various fungi and bacteria
Extinction 
405 nm
2,5 -
0,5 -
85 6 7 9 104
Antibodies
-log 2 (antibody dilution)
-■  AK 1, anii-A.fumigatus
- #  AKIO, mû-A.niger
-O------- AK 4, anti-Candida sp
-X------- AK 5, anti-Absidia sp
H-------- AK 6, ÿnû-Escherichia coli
-0 ------- AK 7, anti Pseudomonas sp
-X --------AK 8, anti-Rhizopus sp
AK 9, asxû-Salmonella 
typhimurium
AK12, anti-Mucor sp
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Figure 80 : Results of an indirect ELISA with culture filtrate proteins of Aspergillus 
fumigatus with early (A) and late phase proteins (B) as the coating antigens and 
antibodies raised against antigens from different fungi and bacteria.
Legend
species abbreviation
anti-Aspergillus fumigatus A K ll
anti-Aspergillus fumigatus AK3
anti-Candida sp AK4
2ixAi-Absidia sp AK5
anti-Escherichia coli AK6
anti-Pseudomonas aeruginosa AK7
anti-Rhizopus sp AK8
anti-Salmonella typhimurium AK9
anti-Aspergillus niger AKIO
anti-Mucor sp AK12
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reactivity %
A K A K A K A K A K A K A K A K A K A K  
3 11 4 5 6 7 8 9 10 12
coating antigen : Aspergillus fumigatus culture filtrate antigen, batch Z21, strain 82, 20gg/ml, antibody 1:800, 
conjugate 1:5000; 100% reactivity = antigen FHT 82, batch 21, antiserum: hyperimmune polyclonal rabbit a- 
Aspergillus fumigatus antiserum (AK3)
B
reactivity %
200 _
180 -
160 -
140 -
120 -
100 -
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3 11 4 5 6 7 8 9 10 12
coating antigen : Aspergillus fumigatus culture filtrate antigen, batch Z15, strain 85, 20pg/ml, antibody 1:800, 
conjugate 1:5000; 100% reactivity = antigen FHT 85, batch 15, antiserum: hyperimmune polyclonal rabbit a- 
Aspergillus fumigatus antiserum (AK3)
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3.4.4. Summary of the crossreactivity of Aspergillus fumigatus culture filtrate antigens 
with those from other fungi
In this chapter proteins / antigens of various fungi were related to Aspergillus fumigatus 
proteins / antigens. The extracellular components were tested by
• silverstained isoelectric focusing (lEF), protein pattern separated according to isoelectric 
points
• silverstained SDS-PAGE, protein pattern separated according to molecular weights
• indirect enzyme linked immuno sorbent assay (ELISA), binding properties of coated non- 
Aspergillus fumigatus antigens to hyperimmune polyclonal rabbit a-Aspergillus fumigatus 
culture filtrate antiserum
• ELISA, binding properties of antibodies directed against antigens of non Aspergillus 
fumigatus species to coated early (type A) and late phase (type B) Aspergillus fumigatus 
antigens
• lEF-blotting, binding properties of hyperimmune polyclonal rabbit a-Aspergillus fumigatus 
antiserum to separated and blotted Aspergillus fumigatus antigens.
The results of the determinations for each fungal species are summarised below.
• Absidia species
Two species of Absidia {Absidia corinterra, FHT 40 and Absidia ramosa, FHT 41) and one 
strain without an exactly determination of species {Absidia V73/9, isolated from mycotic 
abortion) were compared. In silverstained lEF, bands in the range of Rpnr 4/5 and 6a were 
found in 2 of the three species when 50 pg of protein was applied per electrophoretic lane. In 
the weak acidic region of the gel in which the early phase Aspergillus fumigatus proteins / 
antigens focus only weak or very weak bands were found. After blotting with hyperimmune 
polyclonal rabbit a-Aspergillus fumigatus antiserum as a probe these weak components (Rpnr
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10,11 and 12) showed strong reactivities whereas the bands in the more acidic part of the gel 
typical of the late phase (type B) proteins / antigens of Aspergillus fumigatus showed weak or 
no reactivity. The comparison between silverstained and blotted pattern is shown in (Figure 76, 
p.312)
Rpnr 3 was not found in any Absidia pattern which was confirmed by an overlay experiment 
(Figure 75, p.309).
The results from the indirect ELISA were below 20 % reactivity in relation to the homologous 
system, when Absidia antigens were used for coating and tested with hyperimmune polyclonal 
rabbit a-Aspergillus fumigatus antiserum. No differences in the reactivities between coated 
Aspergillus fumigatus antigens of type A (early) and type B (late) were found when 
hyperimmune polyclonal rabbit a-Absidia antiserum was used as a probe. The reactivities of 
the test antiserum in relation to a homologous Aspergillus fumigatus antigen / antibody system 
was below 10%.
• Mucor V10l\13)
One strain of Mucor (FHT 43) isolated from bovine mycotic abortion of unknown species was 
tested. No bands were found in lEF / lEF blotting. The reactivity of Mucor antigens in ELISA 
using hyperimmune polyclonal rabbit a-Aspergillus fumigatus antiserum was below 20 % in 
relation to the reference antigens. Hyperimmune polyclonal rabbit a-Mucor antiserum showed 
reactivities below 10% when tested to type A and type B Aspergillus fumigatus antigens.
• Rhizopus microporus
A similar pattern of reactivity to that shown by Absidia species was found with Rhizopus 
microporus. The major bands reactive in lEF blotting using hyperimmune polyclonal rabbit a- 
Aspergillus fumigatus antiserum as a probe were only very weak in lEF silverstaining. The 
ELISA results of Rhizopus microporus antigens tested against hyperimmune polyclonal rabbit
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a-Aspergillus fumigatus antiserum and the results of an ELISA with Aspergillus fumigatus 
antigens tested against hyperimmune polyclonal rabbit a-Rhizopus antiserum were also similar 
to those o f Absidia.
• Aspergillus species
In the indirect ELISA using hyperimmune polyclonal rabbit a-Aspergillus fumigatus antiserum 
as a probe the 6 Aspergillus species showed higher reactivities than non-Aspergillus species. In 
contrast to this result the lEF blotting patterns obtained by using hyperimmune polyclonal 
rabbit a-Aspergillus fumigatus antiserum showed few weakly reactive bands. For example the 
culture filtrate components of Aspergillus niger (FHT 50) and Aspergillus terreus (FHT 52) 
showed 64 % and 35 % reactivity respectively in ELISA, but no bands were found lEF blotting. 
Aspergillus flavus (FHT 47) showed about 60% reactivity in ELISA, but only Rpnr 16 was very 
weak seen in lEF blotting. One medium weak band below pH 4.0 was found in lEF blotting of 
antigens of Aspergillus nidulans (FHT 49) and an ELISA result of 30 % reactivity was found. 
More complex lEF blotting patterns were seen with the antigens of Aspergillus fischeri (FHT 
46) and Aspergillus clavatus (FHT 45). Aspergillus clavatus (FHT 45) which showed the 
lowest ELISA reactivities of Aspergillus species (26%) and both Rpnr 9/10 and Rpnr 11 
frequently found in non Aspergillus species were strong in lEF blotting. The fungi was grown 
in two batches (batch Z18 and Z 22) and differences were seen in lEF blotting. No ELISA 
results were available of batch Z22.
Based on the lEF blotting patterns an antigen was identified which
1.) was not found in other species (Figure 69, p.292) and
2.) was frequently found in different batches and strains of Aspergillus fumigatus (Figure 69, 
p.292).
The component which fulfilled these conditions was Rpnr 3 (pH 4.34). The component was 
typical to the late phase of growth of Aspergillus fumigatus. It was released into the culture
324
3. Results
medium when the pH values of culture filtrates > pH 6.8 (Figure 69, p.292) and it was the 
major component identified in culture filtrates from peptone containing, alkaline broth cultures. 
The antigen was only identified in the culture filtrates from Aspergillus fumigatus and the 
related species Aspergillus fischeri.
No component was found in the different culture filtrates which was common to all Aspergillus 
species that were tested.
The results of the ELISA determinations showed that there was a high level of cross reactivity 
between antigens of Asp. niger and the hyperimmune polyclonal rabbit a-Aspergillus fumigatus 
antiserum raised against culture filtrate. No reactive bands however were found in Aspergillus 
niger culture filtrate antigens when probed with hyperimmune polyclonal rabbit a-Aspergillus 
fumigatus antiserum in lEF pH 4...6.5 blotting.
Antigens of Aspergillus fumigatus belonging to type A and B patterns were tested with 
heterologous antisera raised against different fungi and bacteria. No reactive proteins were 
detected in the culture filtrate fxom Aspergillus fumigatus using dilutions of antibody at 1:50.
No similarities were found between the ELISA results of the system using immobilised non- 
Aspergillus fumigatus antigens and Aspergillus fumigatus antibodies and those of the system 
using immobilised Aspergillus fumigatus antigens and non-Aspergillus fumigatus antibodies.
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3.5. Preparative isolation of protein components from Aspergillus fumigatus culture 
filtrates
3.5.1. Isolation by chromatofocusing
Proteins separated by chromatofocussing were eluted according to their isoelectric points. The 
method was done according to procedure described in "2.14. Chromatofocusing", p. 157.
A discontinuous pH was detected in each eluted fraction and repeated measurements of 
identical samples showed a broad variation of pH values of approximately ± 0.05 pH units. The 
final values for the pH measurements were reached after different times in the eluted fraction, 
as the readings were dependent on the buffering capacities of the eluted substances and the 
polybuffers used for elution. In Figure 81, p.329 the differences obtained in three identical 
separations are plotted as a function of the pH value of fractions. To eliminate any errors due to 
incorrect pH measurements the pH values were standardised by linear regression which is 
shown in Figure 83, p.331. In all separations the pH gradient was found to be linear which 
enabled a relationship between UV absorption and the pH value of eluates to be obtained as 
shown in Figure 82, p.330.
Each separation was done in a 10 ml focusing column which made several separations of the 
same batch necessary to obtain sufficient proteins for further analysis. In the repeated 
separations similar peaks were found within a pH range of +- 0.02 pH. The protein components 
in the separated samples were analysed by lEF and lEF blotting, the results are shown in Figure 
84, p.332. The protein / antigen of interest (Rpnr 3) was found in pH range of 
chromatofocussing between pH 4.42 and 4.48 (lane 3...5). The protein was enriched in 
comparison to other fractions screened (e.g. lane 1, pH 4.53 or lane 9, pH 4.29) but impurities 
were still visible in silver staining and immunoblotting (lane 3...5). The impurities were fuzzy 
staining bands which were mainly eluting in fractions analysed in lanes 6...9 (pH 4.36...4.29).
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This shows that the resolution power of this chromatofocusing system was not high enough to 
separate the impurities from Rpnr 3. In lanes 1 and 2 fractions with a pH value of between pH 
4.51 ... 4.53 were analysed showing the presence of a major component with an lEP of pH 4.0 
or lower. This is surprising as this component would be expected in a chromatofocusing 
fraction with a pH lower than that of Rpnr 3. Differences between the physical conditions in 
chromatofocusing and lEF gel electrophoresis may have been responsible for this effect.
All the fractions obtained were also tested in lEF blotting using AK3 as a standard antibody. 
An increase in the major components in different fractions was seen, but the diffuse background 
reactivity was strong in the pH range 4.0 to 4.5 (range of RpnrO to Rpnr7).
In order to obtain sufficient amounts of the isolated proteins fractions for further analysis 
different separations showing similar lEF / lEF-blotting patterns were pooled. An example of 
this is given in Figure 85, p.333. In an attempt to reduce background staining a run using an 
antigen sample prepared at a 100 kD cut was done (Figure 86, p.334). It can be seen that the 
background staining was reduced. An overview of the Rpnr 3 preparations is given in Table 39, 
p.328.
All fractions in the pH range between 4.35...4.45 were tested by lEF. Fractions with similar or 
identical pH values from two runs of chromatofocusing were analysed by lEF and are shown in 
Figure 87, p.335. The fractions in lane 1 and lane 4 had identical pH values but different protein 
components were found. In this example the fractions separated in lane 2, 3 and lane 6 were 
pooled for further analysis.
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Table 39 : Yields of Rpnr 3 obtained from the chromatofocusing of the culture filtrate 
proteins of Aspergillus fumigatus
batch Rpnr yield comment
Z26 Rpnr 3 ca 0.8 mg High background, reduced with 
lOOkD cut off
Z30 Rpnr 3 ca. 0.5 mg Background, no lOOkD cut off to 
avoid loss of protein.
Rpnr 3 of batch Z30 was used in "3.6.1. The reactivities of 4 culture filtrate antigen 
preparations o f Aspergillus fumigatus with cattle sera determined by indirect ELISA", p.349.
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Figure 81 : The relative absorbances (280 nm) and the uncorrected pH values obtained 
from 3 chromatofocusing runs of culture filtrate proteins from Aspergillus fumigatus 
strain FHT 82, batch Z26
relative 
absorbance 
^ = 280 nm
run 1
run 2
—  -  o  -  —  run 3
O  '
4,6 4,7 4,84,54,44,34,2
pH
chromatofocusing, 5.5; pHeiution= 3.80 (0.025 mol/1 piperazine-HCl buffer), column = 13.7 cm, 0  = 1 cm,
flow = 15 cm /h, UV detection 280 nm, 15 - 20 mg protein / run
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Figure 82 : The relative absorbances (280 nm) and the corrected pH values obtained from 
3 chromatofocusing runs of culture filtrate proteins from Aspergillus fumigatus strain 
FHT 82, batch Z26
relative
absorbance
—A—  run 1
run 2
— • o — • ■ run 3
zr
4,804,50 4,60 4,704,404,20 4,30
chromatofocusing, 5.5; 3.80 (0.025 mol/1 piperazine HCl buffer), column = 13.7 cm, 0 = 1  cm,
flow = 15 cm /h, UV detection 280 nm, 15 - 20 mg protein / run
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Figure 83 : Determination of the pH gradients in chromatofocusing by linear regression
pH
4,9
4,8
4,7
4,6 -
4,5
4,4
4,3
4,2 -
4,1 - 
4 — I—  
10 20
fraction
30 40
measured pH values
pH values 
determined by 
linear regression
standard
deviatation of pH 
measurment
The linear regression of this example is given below.
pH (corrected) = -0,02355539 pH / fraction * fraction + 4,9231016 pH
Correlation coefficient = r = 0.9854
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Figure 84 : Analysis of the fractions obtained by chromatofocusing pH S...4 (FHT 82, 
batch Z26) using silvcrstaincd IFF pH 4...6.S and IFF 4...6.S immunoblotting with 
hyperimmune polyclonal rabbit a-Aspergillus fumigatus antiserum as a probe
relative 
absorbance 
280 nm
- A — ,
- A
,40 4,30 4,204,70 
pH (corrected)
lE F  4 . . . 6 . 5 
s ilv c r s ta in c d
Rpnr 3
impurities
lE F  4 . . .6 .5
b lo tt in g ,
d e te c te d  by
h y p e r im m u n e
p o ly c lo n a l
rab b it cc-
Aspergillus
fumigatus
a n tiseru m
impurities
la n e  1 la n e  2 la n e  3 la n e  4 la n e  5 la n e  6 la n e  7 la n e  8 la n e  9
chromatofocusing: pHg^ art^  5.5; pHgiution"" 3.80 (0.025 mol/1 piperazine-HCl buffer), = 13.7 cm, 0  = 1 cm, 
flow = 15 cm /h, UV detection 280 nm, 15 - 20 mg protein / run
separation lEF: pH gradient 4-6.5, 2000 V; 2.5 mA, 500 Vh, 5 pg/lane; blotting: 0.6 mA/cm^ , 10 min; 
detection: silver staining and antibody staining using hyperimmune polyclonal rabbit a-Aspergillus fumigatus 
antiserum
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Figure 85 : Analysis of Rpnr 3 containing fractions from three different runs of 
chromatofocusing of the culture filtrate from Aspergillus fumigatus strain FHT 82, batch 
Z26) in IFF 4...6.S / blotting with hyperimmune polyclonal rabbit a-Aspergillus fumigatus 
antiserum as a probe
Separation: pH gradient 4-6.5, 2000 V; 2.5 mA, 500 Vh, 5 pg/lane; blotting: 0.6 mA/cm , 10 min; detection: 
antibody staining using hyperimmune polyclonal rabbit a-Aspergillus fumigatus antiserum
333
3. Results
Figure 86 ; Analysis of pooled antigen fractions containing Rpnr 3 pools by IFF pH 4...6.S 
and immunoblotting with hyperimmune polyclonal rabbit a-Aspergillus fumigatus 
antiserum as a probe. Samples were studied before and after a 100 kD cut off (FHT 82, 
batch Z26)
pool 
before 
100 kDa 
cut o ff
-Rpnr 3
pool 
after 
100 kDa 
cut o ff
Separation: pH gradient 4-6.5, 2000 V; 2.5 mA, 500 Vh, 
5 pg/lane; blotting: 0.6 mA/cm  ^ , 10 min; detection: 
antibody staining using hyperimmune polyclonal rabbit 
a-Aspergillus fumigatus antiserum
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Figure 87 : Analysis of the proteins in Rpnr 3 containing fractions isolated by 
chromatofocusing pH S...4 from 2 runs of Aspergillus fumigatus culture filtrate antigens 
from batch Z30 (FHT 82) by IFF pH 4...6.S.
' ' jm .........
^  Rpnr 3
>
#
lane 1 lane 2 lane 3 lane 4 lane 5 lane 6
run 1 run 1 run 1 run 2 run 2 run 2
pH 4.44 pH 4.38 pH 4.36 pH 4.44 pH 4.40 pH 4.34
Separation: pH gradient 4-6.5, 2000 V; 2.5 mA, 500 Vh, 5 pg/lane; detection: Coomassie blue staining
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3.5.2. Separation of protein components by preparative Isoelectric focusing (Rotophor®- 
System)
The isolation of the different proteins contained in culture filtrates of Aspergillus fumigatus 
liquid cultures by chromatofocussing although successful was limited by the capacity of the 
column. To increase the capacity of each separation, preparative isoelectric focusing 
(Rotophor®- System) was tested as this allowed the separation of a complete batch of culture 
(ca. 50 ml, 0.5 mg/ml) in one step
The separation was done as described in "2.15. Preparative isoelectric focusing 
(ROTOPHOR®), p. 158".
Different ampholyte systems were tested and a 1:1 mixture of Pharmalyte pH 4.2...4.9 
(Pharmacia) and Resolyte pH 3.5 ... 5 (Merck) produced a flatter pH gradient than Pharmalyte
4.2...4.9 alone (Figure 88, p.337). This was important in the range between pH 3 and 4.5 where 
most important proteins (Rpnr3) are focused. A final ampholyte concentration of 5 % was used. 
An example of the separation of Aspergillus fumigatus culture filtrate proteins is shown in 
Figure 89, p.337. In comparison with the separation of the proteins by chromatofocusing, the 
enrichment of the proteins especially Rpnr 3 was less and additional bands were seen. Rpnr 3 
was found in fractions with pH values between 4.0 and 4.5 in comparison to chromatofocusing 
where RpnrS containing fractions were found between pH 4.45 and 4.35. Rpnr3 was not the 
major component in the fractions and other distinct bands were found at similar intensities to 
Rpnr 3. The major impurity found in the Rpnr 3 containing fractions from chromatofocusing 
was present in lower amounts in the ROTOPHOR fractions.
The crude antigen mixtures used in chromatofocusing and in preparative isoelectric focusing 
were all of the type B (late phase like protein/antigen pattern).
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Figure 88 : The pH gradients produced in preparative isoelectric focusing (Rotophor 
system) using two different ampholyte systems
14
13
12
11
10
9
Resolyte/Pharmalyte 1:1
Pharmalyte
8
pH 7 
6 
5 
4 
3 
2 
1 
0
10 15 2050
fraction
337
3. Results
Figure 89 : The analysis of protein fractions obtained from preparative isoelectric 
focusing (Rotophor® system) of culture filtrate proteins from Aspergillus fumigatus FHT 
82, batch Z26 using silvcrstaincd IFF pH 4...6.S
pg (protein 
>10kD)
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-------------------------
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4,5 4
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3,5
rpnr
4/5
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10 ■
reparative focusing: 20 mg sample in 40 ml volume, 2 ml ampholyte (Pharmalyte 4.2-4..9 and Resolyte 3.5-5.0, 
1:1), ROTOPHOR®-system, 2000 V, 5 h
Separation lEF: pH gradient 4-6.5, 2000 V; 2.5 mA, 500 Vh, 5 pg/lane; detection: silver staining
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3.5.3. Summary of separation experiments
As purified proteins / antigens were required for further characterisation and for testing their 
use in ELISA systems two preparative separation methods were used to purify Aspergillus 
fumigatus proteins / antigens according to their isoelectric points. The methods used were 
designed to enrich and separate the components in a mixture of proteins which then can be 
identified by their position in the pattern of an analytical lEF gel..
The two methods, chromatofocusing and preparative isoelectric focusing relay on different 
separation mechanisms. Chromatofocusing is based on ion exchange chromatography whereas 
preparative lEF is based on the focusing of proteins in an ampholyte buffered electrical field. 
The last method is therefore similar to the analytical lEF system.
Neither system was capable of purifying single components from the mixture of culture filtrate 
proteins. Chromatofocusing was found to be a better system for purifying Rpnr3 than 
preparative lEF.
The pH values of the fractions which contained individual reference proteins were identical to 
the isoelectric points these proteins as determined by gel electrophoresis. As proteins with pH 
differences below 0.05 were separated in some cases (Figure 87, p.335, lane 4 / lane 5) each 
fraction was further analysed by lEF pH 4.0...6.5 to check its composition.
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3.5.4. Determination of the molecular weights of components isolated from culture filtrate 
proteins by chromatofocusing using two-dimensional electrophoresis.
Protein fractions separated by chromatofocussing and rotofocussing were analysed by two- 
dimensional electrophoresis. In the first dimension fractions were separated in lEF pH 4...6.5 
and separated proteins were identified according to the standard reference system. In the second 
dimension molecular weights of separated bands were determined by SDS-PAGE 
electrophoresis. The results are summarised in Table 40, p.341 and Figure 90, p.342. An 
example of two dimensional electrophoresis is shown in Figure 91, p.343.
It was found, that the pH values of the fractions were not representative of the isoelectric points 
of the individual components they contained. All the fractions that were examined contain 
several components with different isoelectric points (lEP). For example the fraction with a pH 
4.34 should have only contained Rpnr 3 (lEP = 4.34, major component) but was found to 
contain additional components with lEP values up to 4.67. Separation of proteins on small 
differences in their isoelectric points was beyond the resolution of the two systems used.
The main aim of two dimensional electrophoresis was the determination of the molecular 
weight of Rpnr 3, but due to the impurities of the fractions used additional components were 
also identified by their isoelectric points and molecular weights. The majority of the 
components in the culture filtrates had isoelectric points between pH 3 and 6 ("1.5.4.2. 
Isoelectric points of crude metabolic proteins", p.73) which differed from those described in the 
literature (11/17) which were mainly above pH 6.0.
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Table 40 : The molecular weights of reference proteins from the culture filtrate of 
Aspergillus fumigatus determined by two dimensional electrophoresis
Origin of components
batch 20 25 25 25 26 25 26
strain 82 48 48 48 82 48 82
pH fraction 4,34 crude 4,35 4,39 4,4 4,56 4,51
Rpnr lEP molecular weights
Rpnr 0 not tested 101,2 kD
Rpnr 3 4,34 38 kD 39,4 kD 39,5 kD 38,4 kD 41 kD
Rpnr 4 4,40 91,5 kD 83 kD 87,6 kD 102 kD 114,3kD
Rpnr 5 4,42 24,3 kD 23,4 kD 24,3 kD
Rpnr 6a 4,44 95,3 kD 129 kD
Rpnr 7 4,52 36,5 kD
Rpnr 8 4,67 119,8kD
Rpnr10 
(light)
4,81 53,7 kD 46,8 kD
Rpnr 10 
(heavy)
4,81 67 kD 54,4 kD
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Figure 90 : A comparison of molecular weights and isoelectric points of proteins from 
Aspergillus fumigatus as reported in the literature and from this study
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molecular weight / kD
Author Designation Source Molecular weight Isoelectric
point
Remark
Parry and Stewart et al 1983 12 kD metabolic 12 7,1
Latgé and Moutaouakil et al 1991 Asp fl metabolic 18 7 >7,0
Kurup and John et al 1986 20kD metabolic 20 6,5
Longbottom 1986a Ag03 metabolic 24(gelfdtation) 
18 (SDS-PAGE)
4,5
Monod and Toghi et al 1991 ALP(degrad) metabolic 24 8,2
Monod and Toghi et al 1991 ALP(degrad) metabolic 29 8,2
Reichard and Biittner et al 1990 ALP metabolic 32 7,9
Frosco and Chase et al 1992 ALP metabolic 32 8,7
Monod and Toghi et al 1991 ALP metabolic 33 8,2
Lareher and Bouchara et al 1992 33 kD metabolic 33 8,8
Reichard and Eiffert et al. 1994 PEP metabolic 38 4,2
Kurup and John et al 1986 40kd metabolic 40 6,5
Monod and Paris et al 1993 M EP(l) metabolic 40 5,5
Calvanico et al 1981 somatic 45 5,4 5.2-5.6
Kurup and John et al 1986 80kd metabolic 80 6,5
Ibrahim-Granet and Bertrand et al 1994 ? 82 5,6
Kobayashi and Debeaupuis et al 1993 88kd metabolic 88 5,8 3 bands 
5.7-5.9
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Figure 91 : Two dimensional electrophoresis of a Rpnr 3 containing fraction separated at 
pH 4.35 by chromatofocussing of the culture filtrate antigens of Aspergillus fumigatus 
strain FHT 48, batch Z25
PAGE
12.5%
14.1 kD
4-20.1 kD
30 kD
4-43 kD 
4-67 kD
lEF 4-6.5
4-94 kD
separation lEF l.st dimension: pH gradient 4-6.5, 2000 V; 2.5 mA, 500 Vh, 5 pg/lane; detection: silver staining; 
separation SDS-PAGE 12.5% 2.nd dimension: 250 V, 10 mA, 70 Vh , detection by silver staining
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3.5.5. Separation of Rpnr 3 by HPLC using fractions purified by chromatofocusing
The purified and pooled fractions containing Rpnr 3 obtained by chromatofocusing were 
characterised by HPLC (batch Z26, FHT 82, Rpnr 3 Z26 pool). A gradient of acetonitrile / H2O 
was used to elute fractions from a C-4 column over 80 min.
A major peak eluted after 52 min at an acetonitril concentration of 54 % acetonitrile. A minor 
peak was found after 60 min and several other small peaks were seen with lower acetonitrile 
concentrations. The major peak represented approximately 75% of the total protein eluted from 
the column.
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Figure 92 : The purification of Aspergillus fumigatus culture filtrate protein RpnrS by 
High Performance Liquid Chromatography (HPLC). Analysis of Rpnr 3 Z26 pool in C4- 
HPLC
absorbance (mAU)
1 8 0 -
rpnr 3, 
HPLC- 
purified1 6 0 -
1 4 0 -
120 -
100 -
8 0 -
6 0 -
4 0 -
2 0 -
min
elution time
C-4 HPLC, A-=280 nm, flow = 0.25 ml/min, solvent gradient, injection = 250 pi (c = 1.25 mg/ml); solvent A:H20 + 
0.05% trifluoroacetic acid; solvent B: acetonitril + 0.045% trifluoroacetic acid
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3.5.6. The N-terminal amino acid sequence of Rpnr3
The N-terminal sequence of the major peak purified by HPLC ("3.5.5. Separation of Rpnr 3 by 
HPLC using fractions purified by chromatofocusing", p.344) was determined. It was hoped that 
using this technique that sufficient information could be obtained to get a better identification 
of the component isolated by different methods. Bands containing Rpnr 3 cut from Coomassie 
stained gels of lEF and SDS -PAGE were also analysed in this system for comparison. The 
results are shown in Table 41, p.347. The N-terminal sequences obtained for Rpnr3 extracted 
from lEF or SDS-PAGE gels showed variations in the amino acid composition at position 2, 4 
and 5. It was not possible to give a positive identification for the amino acids at positions 3, 7 
and 22 as these were always variable in lEF and SDS-PAGE separated samples.
The N-terminal amino acid sequence obtained from the HPLC purified Rpnr 3 was stopped 
after position 15 as no clear signal was found beyond amino acid 15. The sequence was 
constant for the sample analysed except of position 3. The sequence for the first N-terminal 15 
amino acids from lEF / SDS - PAGE separated Rpnr 3 and HPLC separated Rpnr 3 were 
identical for 11 of the 15 amino acids (73.3%). The amino acids at position 3 and 7 could not be 
identified from lEF / SDS-PAGE sequence of Rpnr 3. Different results in lEF / SDS-PAGE 
sequence of Rpnr 3 and HPLC separated Rpnr 3 were found in position 2, were Y or V was 
found in lEF/SDS-PAGE sequence and S in HPLC Rpnr3 sequence and in position 9 were L 
was found in lEF/SDS-PAGE sequence and V in HPLC Rpnr3 sequence.
It was concluded that correct protein components were identified as Rpnr3 in lEF, SDS-PAGE 
and reversed phase HPLC as similar sequences were found in all three methods.
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Table 41 : The N-terminal amino acid sequences of the first 15 amino acids from Rpnr 3 
purified by lEF, SDS-PAGE and HPLC
A
A
1 5 10 15 20 25
S A Y G Y R V L Y F V N W A 1 Y G R N H P Q D M
1 V N L *
F
S A S Y G Y R S V V Y F V N W A
2 S
51 Best fit SD S/lEF
52 Rpnr 3, HPLC peak
AA Position of amino acids
W* W was found in sequence of antigens purified by SDS-PAGE and HPLC, but not in
sequence of antigen purified by lEF
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3.6. Investigation of cattle sera for the presence of a-Aspergillus fumigatus antibodies
Cattle sera obtained from different sources were divided in two groups designated as normal 
and known positive for mycotic abortion. Some of the normal samples were derived from cattle 
who previously had aborted due to non mycotic causes.
The antibody titres of the samples were determined using 4 different antigen preparations in an 
indirect ELISA system and the individual reactivities of culture filtrate proteins were tested by 
immunoblotting with 3 antigen preparations.
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3.6.1. The reactivities of 4 culture filtrate antigen preparations of Aspergillus fumigatus 
with cattle sera determined by indirect ELISA
4 different preparations of culture filtrate proteins were tested for their reactivity to normal and 
mycotic abortion positive serum samples, bound antibodies were detected using a-bovine IgG 
peroxidase conjugate. The optimal coating antigen concentration, conjugate and serum dilutions 
were estimated using normal and positive serum pool (see "3.1.7. Validation of cattle antibody 
detecting ELISA", p. 176). Parameters are summarised in Table 42, p.350. The test was done 
according to the procedure listed in "2.10.3. Protocol of ELISA (cattle antibodies)", p. 141. All 
samples were tested in triplicate if not otherwise indicated and serum was diluted in phosphate 
buffered saline (PBS), pH 7.2, containing 10 % foetal calf sera (PCS). PBS pH 7.2, 10% PCS 
was also used for blanks. All extinctions were expressed as percentage of reactivity of a known 
positive serum (S0533).
The lEP pattern of the crude culture filtrate proteins used for coating were chosen to represent 
typical growth stages of Aspergillus fumigatus cultures. Batch Z21A strain PHT 82 gives a 
typical early phase pattern with most proteins / antigens in the range of Rpnr 10, 11 and 12 
(type A) whereas the lEP pattern of batch Z20 strain PHT 82 showed Rpnr 3 as a major 
compound typical to late phase pattern (type B). Batch Z ll ,  strain PHT 48 showed a mixed 
pattern of proteins, which did not contain Rpnr 3. The last coating antigen was purified Rpnr3 
(Table 39, p.328).
The greatest difference between the reactivities of positive and normal cattle sera was found 
when the purified Rpnr 3 was used as a coating antigen (A reactivity = 57.8 % ) closely 
followed by the early type (type A) batch Z21 (A reactivity = 56.8 % ). The late type batch 
(type B) Z20 only showed a difference in reactivity between positive and normal sera of 20.5 %
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whereas a difference of 29.3 % was found with the intermediate batch culture Z11 which 
contained proteins characteristic of type A and type B.
In Table 43, p.353 results of the indirect ELISA using 4 different antigen preparations are 
summarised. The cut off values used in the tests were determined using the average OD 
readings obtained for the normal and suspected sera plus a single standard deviation. 
Sensitivity, specificity and P-values (Fisher's exact test) were calculated according to Altmann 
1991. All tests were done in triplicates and standard deviations were below 15%. It can be seen 
that ELISA using Rpnr3 was the best system to discriminate positive from normal sera 
(sensitivity 75%, specificity =88.6%). The result was statistical significant (P<0.0001). The 
main feature of the Rpnr 3 ELISA was its greater sensitivity compared to the other ELISA 
systems that were tested which were unable to detect more than 50 % of the known positive 
sera. In Table 44, p.354 and Table 45, p.355 cut offs were defined using 1.96 times standard 
deviation (95%) level with and without lognormal transformation. The lognormal 
transformation could be used to corrected positive squew frequently found in ELISA results 
(Altmann 1991). No sensitivities above 40 % were found and single standard deviation was 
used for discrimination.
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Table 42 : The optimal parameters determined for the indirect ELISA for the detection of 
bovine antibodies to Aspergillus fumigatus culture filtrate antigens
batchZ21A batch Z20 batch Z ll purified 
Rpnr 3
coating antigen (pg / well) 0.5 0.5 0.5 0.5
conjugate dilution 1 : 1000 1 : 1000 1 : 1000 1 : 1000
serum dilution 1 : 1000 1 : 1000 1 : 1000 1 :500
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Figure 93 : The reactivities of normal and known positive sera in an indirect ELISA using 
4 different protein preparations from the culture filtrate antigens from Aspergillus 
fumigatus
% reactivitiy of 
standard serum 
(S0533)
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1 2 0  - - -  + 120
1 1 0  110
1 0 0  100
9 0 ______________________________________________________________ 90
8 0 ______________ - - - 1 ----- — — r ------------------------------------ 4— —I -  80
7 0 -------------  ^ --------------   —  - n   — 70
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Z20 Z20 Z l l  Z l l  Z21 Z21 Rpnr3 Rpnr3
normal positive normal positive normal positive normal positive
coating antigen: batch 21, FHT 82; batch Zl l ,  FHT 48; batch Z20, FHT 82; 0.5 pg / well; antibody: cattle serum, 
positive and negative pool, diluted in 10 mM PBS pH 7.2, 10% FCS; conjugate: a-cattle IgG (whole molecule) 
peroxidase 1:1000, diluted in 10 mM PBS 0.2 % ovalbumin, ABTS, X= 405 nm
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Table 43 : Analysis of the results obtained from an antibody detecting ELISA using 4 
different preparations from culture filtrate antigens of Aspergillus fumigatus as coating 
antigens using a cut off level of mean plus single standard deviation
antigen cut off positive 
sera (20)
normal
and
suspected 
sera (88)
P
(Fisher's
exact)
sensitivity
(20
positive)
specificity
(88
normal
and
suspected)
Z20 positive 87.5% 5 14 0.15 25% 84.0 %
Z20 negative 15 74
Z ll  positive 79.6% 9 11 0.002 45% 87.5%
Z ll negative 11 77
Z21 positive 60.9 % 9 13 0.004 45% 85.2%
Z21 negative 11 75
Rpnr 3 positive 64.0% 15 10 <0.0001 75% 88.6%
Rpnr 3 negative- 5 78
sensitivity = number of sera found positive in test / number of known positive sera 
specificity = number of sera found negative in test / number of normal sera
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Table 44 : Analysis of the results obtained from an antibody detecting ELISA using 4 
different preparations from culture filtrate antigens of Aspergillus fumigatus as coating 
antigens using a cut off level of mean plus 1.96 times standard deviation (95% -level)
antigen cut off positive 
sera (20)
normal
and
suspected 
sera (88)
sensitivity
(20
positive)
specificity
(88
normal
and
suspected)
Z20 positive 118.3% 1 5 5% 9A3 94
Z20 negative 19 83
Z ll  positive 114.1% 4 3 20% 96.6%
Z ll  negative 16 85
Z21 positive 82.9% 8 10 40% 88.6%
Z21 negative 12 78
Rpnr 3 positive 86T94 8 4 40% 95.53 %
Rpnr 3 negative- 12 84
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Table 45 : Analysis of the results obtained from an antibody detecting ELISA using 4 
different preparations from culture filtrate antigens of Aspergillus fumigatus as coating 
antigens using a cut off level of mean plus 1.96 times standard deviation and lognormal 
transformation
antigen cut off positive 
sera (20)
normal
and
suspected 
sera (88)
sensitivity
(20
positive)
specificity
(88
normal
and
suspected)
Z20 positive 138.1 % 1 2 5% 97.7%
Z20 negative 19 86
Z ll  positive 102.5% 2 2 10% 97.7%
Z ll  negative 18 86
Z21 positive 97.1 % 6 2 30% 97.7 %
Z21 negative 14 86
Rpnr 3 positive 100.2% 4 3 20% 96.6%
Rpnr 3 negative- 16 85
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3.6.2. Antibody binding capacity of lEF separated and blotted proteins
The reactivity of the cattle sera were tested by immunoblotting against three lEF separated 
Aspergillus fumigatus culture filtrate protein preparations which had previously been used for 
ELISA ("3.6.1. The reactivities of 4 culture filtrate antigen preparations of Aspergillus 
fumigatus with cattle sera determined by indirect ELISA", p.349). Most of the previously 
identified protein / antigen bands were seen in the preparations batch Zl l ,  strain FHT 48 which 
was then used to the screen the test sera. The results that showed a correlation between a 
positive signal in immunoblotting and mycotic abortion are shown in Table 46, p.356 
The component Rpnr 3 was a major component in the preparation batch Z20, strain FHT 82 and 
selected serum samples were also tested with this batch of antigen.
Table 46 : The correlation between a positive signal obtained by immunoblotting of cattle 
sera and those from animals with mycotic abortion
batch Zl l ,  strain FHT 48 any signal in blot no signal in blot
known positives 16 4
normal sera 24 64
p (Fisher' exact test) < 0.0001 
sensitivity = 80.0 %
(sensitivity = number of sera found positive in test / number of known positive sera) 
specificity = 72.7 %
(specificity = number of sera found negative in test / number of normal sera)
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The results in Table 46, p.356 show that there was a statistical significant (P< 0.05, Altmann 
1991) difference between the results obtained from sera taken from cows with known mycotic 
abortion and those taken from normal cows.
In the group of normal sera, cows (6) with abortion due to unknown cause were included (2 of 
them gave a reaction with Aspergillus fumigatus antigens). Without these sera P was slightly 
changed from 0.0036 to 0.0043.
From these data it can be concluded, that a positive signal in immunoblotting (antigen batch 
Z l l ,  strain FHT 48) was linked to mycotic abortion.
The sera showing positive blotting signals were grouped according to their reactivities against 
individual bands of the reference pattern proteins (Table 47, p.358).
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Table 47 : The reactivities of single protein bands contained in Aspergillus fumigatus 
culture filtrate proteins from batch Z ll, strain FHT 48 detected by immunoblotting
protein band sensitivity (n positive = 20) specificity (n normal/suspected 
88)
Rpnr 4 * 60.0 % 89.8%
Rpnr 5 60.0 % 89.8%
Rpnr 1 25.0 % 90.9 %
Rpnr 2 45.0 % 92.0%
Rpnr 10 45.0 % 97.6 %
R pnr11 35.0% 86.4%
R pnr12 35.0% 85.2%
R pnr14 35.0% 94.3 %
Rpnr 4 / 5 :  frequency one band
sensitivity = number of sera found positive in test / number of known positive sera) 
specificity = number of sera found negative in test / number of normal sera
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The major protein bands that were detected by immunoblotting were both typical early phase 
antigens (RpnrlO...Rpnrl2) and late phase proteins (Rpnrl...Rpnr2). The Rpnr 4 / 5  complex 
was only seen at low frequency in immunoblotting systems using hyperimmune polyclonal 
rabbit a-Aspergillus fumigatus antiserum, but was found in the silverstained pattern of different 
Aspergillus fumigatus and non-Aspergillus fumigatus preparations.
The reactive bands have been grouped together according to their appearance in culture (early 
or late type) and the results are shown in Table 48, p.360
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Table 48 : The reactivities of combinations of early (type A) and late phase (type B) 
antigens from Aspergillus fumigatus culture filtrate antigens by immunoblotting
Group total positive blotting 
signal (n = 108)
sensitivity 
(positive sera)
specificity 
(normal sera)
type A
RpnrlO or Rpnr 11 or 
Rpnr 12
22 45.0 % (9) 83.0% (15)
typeB
Rpnrl or Rpnr2
21 45.0 % (9) 86.4 % (12)
sensitivity = number of sera found positive in test / number of known positive sera 
specificity = number of sera found negative in test / number of normal sera
No improvement of sensitivity or specificity was observed when combinations of type A (early) 
or type B (late) bands were used
As shown in Table 47, p.358 Rpnr 4 and 5 were the best antigens for the detection of antibodies 
produced against Aspergillus fumigatus in mycotic bovine abortion. The appearance of these 
antigens in relation to other antigens are shown in Table 49, p.364.
Rpnr 4 / 5  has an isoelectric point (4.41/4.42) that is very close to that of Rpnr 3 (pH 4.34) 
which has been identified as a useful antigen in comparison of blotting pattern with other 
species. Purified preparations of Rpnr 3 have also been found to be the best coating antigen in 
an indirect ELISA for the identification of sera fi*om cattle with mycotic abortion. An antigen 
preparation (batch Z20, strain FHT 82) which contained Rpnr 3 in high amounts was examined
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by immunoblotting 11 cow sera, (5 positives, 5 normal and 1 slaughter house serum). Only 2 of 
the 5 positive sera were weakly reactive against of Rpnr 3. All of the 5 positive sera gave a 
positive signal with Rpnr 4/5.
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3.6.3. Correlation between the immunoblotting and ELISA results obtained from cattle 
sera ïLgumsi Aspergillus fumigatus culture filtrate antigens
In Table 49, p.364 the results of antibody detecting ELISA and blotting experiments using 
batch Z l l ,  strain 48 are summarised. 108 sera were tested by ELISA and immunoblotting. 20 
sera were known positives, 11 sera were from cattle with abortion of unknown reason and 77 
sera were from normal cattle.
72 sera had a reactivity in the indirect ELISA below the cut off values against the 4 different 
antigen preparations used and 68 sera showed no reaction in immunoblotting. No reaction in 
ELISA or in immunoblotting was detected in 57 sera. 3 known positive sera were included in 
this group. All the other positive sera tested identified as positive in the indirect ELISA using 
Rpnr 3 as the coating antigen or gave a positive signal with Rpnr 4/5 in blotting. In 9 out of 17 
sera a positive reaction was found in both tests ELISA and immunoblotting. 10 normal sera 
were identified which show both positive in ELISA and in immunoblotting with respected to 
the major antigen bands reported in Table 49, p.364.
2 of 11 suspected females were positive by ELISA and immunoblotting but a different pattern 
of protein bands were stained by different sera. An additional suspected female serum was 
found to be positive with all ELISA except the Rpnr 3 ELISA.
The appearance of a positive Rpnr 3 ELISA and a positive reaction in immunoblotting with 
Rpnr 4/5 was statistically significant (p< 0.0001). This suggests that there is a relationship 
between Rpnr 3 and Rpnr 4/5.
Of the 10 sera found to be positive in Rpnr 3 ELISA 4 came from bulls indicating that 
antibodies to Rpnr 3 are not exclusively linked to mycotic abortion. It may be that the 
impurities in the Rpnr 3 preparation were responsible for this result and this can only be 
resolved when a pure preparation of Rpnr 3 is available.
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Legend to Table 49, p.364
s = sex
f  = female
m = male
c = category
n = normal
s = mycotic abortion suspected
p = positive diagnosis of mycotic abortion
ELISA, Z 20 ,... = results of antibody detecting ELISA (1 = positive in test)
Blotting batch Z ll... = results of blotting of batch Z l l ,  strain FHT 48
4, 5, BSIl,... = Individual bands of Z11 pattern (1 = visible with used serum)
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Table 49.: Comparison of antibody detecting ELISA and blotting results of single cattle 
sera
ELISA Blotting batch Z l l ,  strain FHT 48
serum s c Z20 Z21 Z l l Rpnr 3 4 5 Rpnrl Rpnr 2 RpnrlO R pnr11 R pnr12 R pnr14
S0126 m n 1 1
S0603 f n 1 1
S0625 f n 1
S0730 f n 1
S0642 f n 1
S0650 f n 1
S0663 f n 1
S0679 f n 1
S0712 f n 1
S0714 f n 1
S0721 f n 1 1
S0723 f n 1 1
S0605 f n 1 1 1 1
S0627 f n 1
S0630 f n 1 1
S0632 f n 1 1 1 1
S0726 f n 1 1 1 1 1
S0613 f s 1 1 1
S0748 f n 1 1 1 1 1
S0626 f n 1 1
S0674 f n 1 1
S0752 f n 1 1 1
SOlOl m n 1 1 1 1 1 1 1
S0116 m n 1 1 1 1 1 1 1
s o n s m n 1 1 1 1
S0120 m n 1 1
S0535 f s 1 1 1
S0671 f n 1 1
S0649 f n 1 1 1
S0717 f n 1 1
S0617 f s 1 1 1 1 1
S0624 f n 1 1 1 1 1 1 1 1
S0562 f n 1 1 1 1 1 1 1 1 1 1
S0564 f n I 1 1 1 1 1 1 1 1
S0532 f P 1 1 1 1 1 1
S0533 f P 1 1 1 1 1 1 1 1 1 1
S0601 f P 1 1 1 1 1 1
S0634 f P 1 1 1 1 1
S0761 f P 1 1 1 1 1 1 1 1 1 1 1 1
S0762 f P 1 1 1 1 1 1
S0765 f P I 1 1 1 1 1 1 1 1 1 1
S0766 f P 1 1 1 1 1 1 1 1
S0767 f P 1 1 1 1 1 1 1 1 1 1
S0635 f P 1 1 1 1
S0756 f P 1 1 1
S0763 f P 1 1 1 1 1 1 1 1 1 1
S0534 f P 1 1
S0635 f P 1 1
S0760 f P 1 1 1
S0764 f P 1 1
S0768 f P 1 1 1 1 1
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4. DISCUSSION AND CONCLUSION
The aim of this study was to design an immunological test system to detect infections of 
Aspergillus fumigatus in cattle to monitor the occurrence of these infections in cows. To 
reach this aim a species specific marker was needed to detect the growth of Aspergillus 
fumigatus in the animal. This marker should be characteristic for Aspergillus fumigatus as 
antigens and antibodies against other fungal species are also found in pregnant cows but 
are not related to mycotic abortion (Jensen and Krogh et al 1991). A suitable marker could 
be a protein / antigen or carbohydrate structure released by Aspergillus fumigatus or a 
cattle antibody against this typical structure. Similar carbohydrate structures have been 
identified in different fungal species (Debeaupuis and Sarafati et al 1990) and therefore 
Aspergillus fumigatus proteins / antigens were screened to find a structure that was typical 
for Aspergillus fum igatus.
At the start of this investigation it was deemed necessary to select an optimal method for 
the characterisation of protein components from the culture filtrates of fungal cultures as 
currently used methods such as SDS-PAGE are highly denaturing. Furthermore different 
fungal preparations can be used as protein / antigen sources. Culture filtrate proteins or the 
so called ‘metabolic antigens’ were selected for examination because:
- they are released from the fungi and therefore should be detectable in body fluids
- they are readily available to the immune system
- they contain a broader variety of antigens than somatic antigens (Piechura and Kurup et al 
1985)
In previous reports, the antigens contained in culture filtrates from Aspergillus fumigatus 
have been characterised using immuno electrophoresis (Longbottom, 1983b) or SDS- 
PAGE (Kurup 1986). Both these methods of study are not ideal for different reasons. The
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disadvantage of immunoelectrophoresis is that the separated proteins must react with the 
antiserum at optimal concentrations to form visible precipitation lines. The method is 
insensitive with a detection limit of 2.5 mg/ml antigen and undiluted antibody (own 
results) so consequently large quantities of antigen and antiserum are required as this 
method only detects precipitating antibodies. It is limited to the detection of antibodies of 
IgM and IgG isotypes. Comparisons of the published results of the antigenic analysis of 
Aspergillus fumigatus by crossed immune electrophoresis (Longbottom 1983b; Kauffman 
and de Vries 1980; Holmberg and Berdischewsky et al 1980) are very difficult to evaluate 
as they are dependent on two unknown parameters the quality of the antigen and antibody 
which have not been standardised for immunoprécipitation techniques. 
Immunoelectrophoresis was the first technique which showed the presence of antibodies 
against antigens separated by gel electrophoresis.
Progress in gel electrophoresis has led to the development of the technique of sodium 
dodecyl sulphate - polyacrylamide gel electrophoresis (SDS-PAGE) by Weber and Osbom 
1969. Using this technique a complex protein mixture such as that found in culture filtrates 
of Aspergillus fumigatus can be separated in relation to their molecular weights, and the 
immunological properties of different proteins can be detected by immunoblotting. It is 
important that in SDS-PAGE the detection of proteins can be achieved by non-specific 
detection methods such as dye or silver staining and also specific detection methods using 
antibody probes, enzyme detection and lectin binding on western blotting. The drastic 
conditions needed for sample preparation in SDS-PAGE, including treatment with 
detergent, frequently boiling and 2-mercaptoethanol can alter the antigenic properties of a 
sample by destroying conformational epitopes thus reducing the reactivities of the 
components to antibodies. Therefore only antigens that contain linear epitopes that are
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reactive to the antibodies used as a probe will be identified in SDS-PAGE / 
immunoblotting restricting the value of this technique. Isoelectric focusing (lEF) however 
does not use denaturing conditions and therefore will not alter protein structures and was 
the main technique used in this study to separate and characterise the metabolic 
components of Aspergillus fumigatus.
Double immunodiffusion techniques are frequently used to detect antibodies to fungal 
antigens (Kurup et al 1978). The techniques are easy to use, but the lack of standardised 
antigens and their insensitivity limit their use. In the experiments done in this study 100 pg 
of culture filtrate protein and 10 pi of undiluted hyperimmune rabbit anti-Aspergillus 
fumigatus serum were required to obtain one weak precipitation band. In comparison about 
3 pg of crude culture filtrate antigen and 5 pi antibody were required for lEF and immuno 
blotting (strip blotting), for the resolution of a complex pattern of 10 to 15 protein bands 
which could be defined by their isoelectric points.
A technique that has been frequently used to characterise the antigens of fungal culture 
filtrates, is ‘enzyme immuno assay’, EIA (Jensen and Latgé 1995, Wilson and Hearn et al 
1987). In this study, a form of EIA the ‘indirect enzyme linked immuno sorbent assay ‘ 
(indirect ELISA) has been used, where the culture filtrate antigens are immobilised onto 
the polystyrene surfaces of the wells of a microtiter plate which are then probed with an 
appropriate polyclonal antibody. In comparison to other methods mentioned EIA gives 
quantitative estimations of the antibody / antigen reactions that take place on the 
polystyrene surface of the wells. It is the only method which allows large numbers of sera 
to been screened for reactivity to an antigen and this can be of great value for the diagnosis 
of infectious diseases.
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ELISA techniques which use crude antigen mixtures for the coating antigen and polyclonal 
antisera as the source of antibody are only semi-quantitative (Lew 1984). The coating of 
mixed antigens onto polystyrene surface of an ELISA plate is dependent both of the 
concentrations of the individual components in the mixture and their individual affinities 
for the surface. It may be that the antigen of interest may be prevented fi*om binding firom 
some antigen mixtures as it shows a weak binding affinity and is present at low 
concentration. It is therefore essential that if this technique is used to determine Aspergillus 
fumigatus infections that antigen preparations must be rigorous standardised and to date 
this has only been done by Kurup 1986.
The nature of the test serum is also important in the determination of its ELISA titre. All 
positive serum samples will contain antibodies produced in a polyclonal response to a 
mixture of fungal antigens. Antibodies produced for different clones of B lymphocytes can 
show different binding affinities / avidities for the individual epitopes coated onto the 
ELISA plate. The mean value of these affinities / avidities will be determined in an ELISA 
titre which may not be directly related to the total antibody concentration in the serum. If 
one serum contained a low concentration of antibodies of high average affinity it could 
give the same titre as an antiserum that contained higher concentration of low affinity 
antibodies. ELISA's therefore tend to measure average antibody affinity / avidity rather 
than titre.
Also choice must be made which Ig isotype detected in ELISA. Usually IgG anti 
Aspergillus fumigatus antibodies resulting from a T cell dependent response to protein 
antigens are detected (Latgé and Jensen 1995) and no data are available for the occurrence 
of IgE or IgM antibodies which latter are mainly developed against T cell independent 
polysaccharide antigens.
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A sensitive, high resolution method was therefore required for the analysis of culture 
filtrate antigens which would also conserve the antigenic determinants on the separated 
proteins as much as possible. Isoelectric focusing (lEF) was therefore selected as method 
of choice as Becker 1989 had demonstrated the usefulness of lEF and blotting procedures 
in the culture filtrate analysis as these techniques combined sensitivity, high resolution and 
gentle conditions.
A method for the extraction of proteins from culture media was therefore developed and 
validated which prepared a fraction of culture filtrate > 10 kD which was free of low 
molecular weight proteins and inorganic salts. The removal of inorganic salts from the 
protein solutions is essential if the proteins are to be analysed by lEF as they can interfere 
with the separation by disturbing the pH gradient of ampholytes. Membrane filtration 
methods were used instead of dialysis for this process as they allowed a better control of 
the desalting and concentration of the protein fraction. Three membrane filtration systems 
were investigated, these were Minitan® (up to 10 1), Macrosep® (up to 15 ml) and 
Microsep® (up to 2 ml). The same membrane filter with a cut 10 kD cut off was used in all 
test systems. The manufacturers quoted recovery rates for this membrane were 80-89% 
with cytochrome C (12.5 kD) and 90-100% with myoglobulin (17.8 kD). A membrane cut 
off of 10 kD was chosen as in the literature survey of Aspergillus fumigatus culture filtrate 
proteins Table 10, p.99 only 3 proteins have been reported with molecular weights below 
18 kD (12 kD, Parry and Stewart et al 1983; 14 kD Kurup and Greenberger et al 1989 and 
14 kD HSPl fragment Kumar and Reddy et al 1993). No proteins have been found with 
molecular weights at or below 10 kD.
In order to check that the 10 kD membrane cut off of the culture filtrate was justified, a 
culture filtrate was concentrated using Macrosep® units with a 3 kD membrane cut off.
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Some proteins / antigens were visible in the lEF pattern of > 10 kD were also seen in > 3 
kD cut off pattern but at a lower intensity. The appearance of these proteins / antigens 
were probably due to the random pore sizes in the 3 kD membrane (results not shown). The 
protein content of > 3 kD < 10 kD fraction was found to be 1.6 mg / ml indicating the 
presence of low molecular weight peptide components, which gave positive reaction in the 
protein determination, but could not be detected by silverstained isoelectric focusing. The 
flow of the 3 kD cut off system was very low and so a system using a 5 kD cut off was also 
tested. The aim was to increase recovery of Rpnr3 needed for preparative procedures. 
Similar results to those obtained with the 3 kD cut off were obtained. The lEF blotting 
patterns of <10kD >3kD and <10kD>5kD fractions using hyperimmune polyclonal rabbit 
a-Aspergillus fumigatus antiserum showed a fiizzy pattern with high background staining 
and low intensive bands. It was therefore concluded, that these fractions would not be 
useful for the further purification of Rpnr3. Systems using a 10 kD cut off were therefore 
selected for all further investigations. The reproducibility of the methods were tested and 
identical qualitative and quantitative lEF patterns were found.
When the culture filtrate proteins were separated by lEF a problem arose as precise 
identification of the separated proteins could not be achieved using commercially available 
lEF marker proteins as these were not accurate enough to enable fine discrimination of the 
individual proteins to be made. In order to take full advantage of the high resolution power 
of lEF all the band patterns obtained from the analysis of culture filtrate proteins were 
related a set of standard band patterns defined from 3 batches of two Aspergillus fumigatus 
strains (FHT 82, batch Z15 and Z21 and FHT 85, batch Z15). Similar methods have been 
used by Brunie et al 1989, who selected a set of 16 bands from SDS-PAGE patterns of 
somatic antigens in order to distinguish different strains of Aspergillus fumigatus and
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Puente et al 1991 who used a set of ‘antigenic zones’ to determine differences between 
conidial and mycelial antigens.
It was found using the reference system based on Aspergillus fumigatus culture filtrate 
proteins that the band patterns detected in lEF were highly reproducible from gel to gel and 
that the majority of the separated bands could be identified.
In some cases, labelled as "unclear identification" in the results section, the comparison 
between reference pattern and sample pattern gave no clear identification of a separated 
band. An attempt was made to try and solve this problem by separating mixtures 
containing different ratios of reference and sample proteins. It was found that this method 
was useful for the unambiguous identification of unclear bands. A further development 
used to solve the problem of identification single protein / antigen bands in lEF pattern was 
the so called "overlay method". The combination of two methods of sample application at 
two positions of the lEF gel (6 lanes for samples applicated at the cathodic end and a 
continuous line application in the middle of the gel) allowed the identification of single 
bands in a mixture. A disadvantage of the overlay method was that at least 2 identical gels 
(one gel with and one gel without application of sample as a continuous line) were required 
for analysis and the results obtained were dependent on the ratios of protein concentrations 
between the continuous and lane applications. Frequently more than one gel was required 
to find the correct ratio necessary to give a positive identification of an individual band. 
Because of these problems the overlay method was only used to identify the appearance of 
Rpnr 3 in different preparations from culture filtrates.
A serious problem was also encountered with the detection of the protein bands transferred 
to the nitrocellulose membrane by blotting. It was necessary for the analysis of the antigens 
in the culture filtrate to identify all the proteins transferred onto the membrane and to relate 
the protein band pattern to that obtained from immuno stained. Even the use of the highly
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sensitive gold stain technique was not completely satisfactory because some proteins that 
were visualised by immuno staining were not detected by gold staining. Gold staining was 
found to be highly sensitive detecting 3.5 ng of protein in comparison with Coomassie blue 
(200 ng), Amido black (100 ng) or India Ink (80 ng) (Mansfield and Stafford 1992). Baur 
and Weiss et al 1989 encountered a similar problem when they found antigens that were 
visualised by immunostaining which could not be detected by protein stains. 
Concentrations of protein that were below the lower detection limit of the stain and/or poor 
binding of the stain (amido black) to individual proteins were blamed for this effect. As 
this problem could not be solved by the use of a highly sensitivity staining technique, the 
identification of blotted bands in this project was done according the reference patterns 
obtained from silver stained gels. It must be kept in mind in the interpretation of the 
blotting results that some proteins may be undetected by this staining technique. In "3.1.16. 
Detection of proteins and antigens on blotted membranes", p.206 the different staining 
techniques were compared using Aspergillus fumigatus batch Z l l ,  FHT 48 as an example. 
Most of the major bands in the gel were detected on blotting and by immunological 
staining with hyperimmune polyclonal rabbit a-Aspergillus fumigatus antiserum. Only one 
band, identified as Rpnr 15 a was seen in silverstained lEF that found to be non-reactive by 
blotting. Goldstaining of the proteins blotted onto nitrocellulose membranes was very weak 
compared to the immunological staining obtained in some experiments. Only traces of the 
bands found in the range between Rpnr 4/5 and Rpnr 14 could be detected by the gold 
stain. In immunological staining strongly reactive bands were found in this range. 
Goldstaining was therefore not considered suitable to show the whole range of available 
proteins in a crude culture filtrate mixture separated in lEF pH 4...6.5.
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The blotting patterns visible after immunological staining were found to be influenced by 
the blotting membrane itself. Two membranes were used throughout this investigation, 
nitrocellulose and polyvinylidendifluoride (PVDF, Immobilon®). Nitrocellulose was used 
as a standard membrane whereas Immobilon® was used for the detection of concanavalin A 
binding structures (a-D-mannosyl and a-D-glucosyl residues).
A prerequisite for the accurate comparison of the electrophoretic separation patterns 
obtained from different culture filtrates is that of equal amounts of proteins must be applied 
to the separation gels. Obvious variations in separation patterns were found when protein 
concentrations were estimated using different methods of protein estimation (Table 21, 
p. 171 ). The concentration of proteins in the Aspergillus fumigatus culture filtrates were 
estimated with both the redox-based bichinoninic acid (BCA) method (Smith and Krohn 
1985) and the dye-based Bradford method (Bradford 1976). Between 0 and 30 % of BCA 
protein content was detected by Bradford method. Longbottom et al 1986a have also 
reported the variations between redox based Lowry et al 1951 and dye based BioRad 
method (BioRad Laboratories 1979) which is similar to the Bradford method. The BioRad 
method detected a protein content that was only 23-46% of that detected by Lowry method. 
These differences were suspected to be caused by variations between proteins, and/or 
interference with colour of some of the antigen preparations. The protein solutions used in 
this project were almost colourless so any variations in the protein levels could only be due 
to variations in the levels of different proteins in the mixture. Due to its greater sensitivity 
the BCA method was used in these investigations but it was found that glucose interfered 
with the determination so the use of this method was restricted to refined samples of 
culture filtrates. UV absorption and dry mass were also tested in comparison but the 
protein concentrations determined with these methods were frequently between two and
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five times higher than those obtained with BCA method. This could be due to interfering 
pigments or salts remaining in refined samples.
In this section all techniques used to identify and characterise culture filtrate antigens of 
Aspergillus fumigatus were tested and standardised to avoid any misleading influences 
induced by variability in the methods. The selected methods should therefore give a 
standard baseline for the Aspergillus fumigatus proteins/antigens thus any variations e.g. in 
lEF or lEF blotting patterns must therefore be due to the fungi. The methodology was used 
to analyse the protein preparations obtained from different batches and strains of 
Aspergillus fumigatus and preparations from different growth stages.
It is important when attempting to standardise culture filtrate antigen preparations to start 
by using culture filtrates obtained from fungal cultures grown under standard conditions. 
Changes in the protein composition of Aspergillus fumigatus somatic and metabolic 
antigens during growth have been reported by Piechura and Riefel et al 1987b and Harvey 
and Longbottom 1987b. Changes in several parameters can be observed in synthetic broth 
cultures started from an inoculum of conidia. Of particular importance is the change in the 
pH value of the culture medium which has been used to classify different stages in growth 
(Kauffman and de Vries 1980). The growth conditions chosen for all experiments to 
investigate the relationship between pH and growth in this project were in close accordance 
with those of Kauffman and de Vries 1980 as follows: 90 ml of a completely synthetic 
media (Czapek-Dox) which contained glucose as a single carbon source in 300 ml flasks, 
agitation speed of 125 rpm and incubation temperature of 37°C. The inoculum density used 
was 1 conidium / ml of culture medium. In all the strains of Aspergillus fumigatus studied 
with the exception of strain FHT 93 a drop from the initial pH value of the culture medium 
was detected after 4-8 days growth which was related to the loss of glucose from the
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culture medium. These results were similar to those reported by Kauffman and de Vries 
1980, Kim and Chaparas 1978, Harvey and Longbottom 1987b, Kurup and Ramasamy et al 
1988 and Reichard and Biittner et al 1990. Reichard and Büttner et al 1990 also observed 
an initial drop in the culture pH from the start of the cultures which was not detected in this 
series of experiments. It must be kept in mind that comparisons are difficult because of the 
conditions selected for this investigation were standardised to those of Kauffman and de 
Vries 1980 and were therefore different to those used by other groups. In this study 
alkalisation of the cultures occurred after 4-8 days of growth which could be reversed by 
the addition of the glucose energy source. The observed increase in the pH of the culture 
medium was therefore likely to be caused by the death of the hyphal mass or a switch to 
secondary metabolism. In fermenter cultures the alkalisation was coupled to a reduced 
oxygen uptake, which would confirm these suggestions as well as the increasing levels of 
nucleic acid found in flask and fermenter cultures (Figure 40, p.224).
The lEF and lEF blotting pattern of batch Z20 strain FHT 82 were followed during growth 
and clear changes were observed in the antigenic composition of the culture medium early 
(5 days) and late (30 days) cultures. A pattern of protein release designated type A where 
proteins with isoelectric points above pH 4.8 were the main reactive components was 
found during the first 8 days of culture. After this time the type B pattern of protein release 
occurred which was characterised by the release of proteins into the culture medium with 
isoelectric points below pH 4.8, a rise in the culture pH , and a reduction of the oxygen 
consumption.
The change in the pattern of protein release was likely to be due the release of intracellular 
proteins as a result of mycelial lysis as suggested by Kauffman et al 1980 and borne out by 
findings in this project. The breakdown of the proteins already released into the culture
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may also have contributed as Reichard and Buttner et al 1990 detected high levels of 
proteolytic activity in culture filtrates taken from 1 and 9 day cultures. These observations 
also indicate that there is a switch in extracellular protein release during growth. In this 
investigation proteolytic enzymes as leucine aminopeptidase were found mainly in early 
phase culture filtrate and somatic preparations but carbohydrate related enzymes were 
found in higher levels. In an attempt to determine the contribution of hyphal lysis in the 
switch from type A to type B protein the release of aldolase an intracellular enzyme was 
measured but the results obtained have not been reliable due to the interference of glucose 
in early samples. Saggers 1994 in a personal communication has reported that aldolase 
release parallels the switch from type A to type B. After the change fi*om ‘early’ type to 
‘late’ type (type A to B) both the silver stained and blotted patterns of the culture filtrates 
were stable up to thirty days of culture. The changes in the antigen composition of the 
culture filtrate during growth must be taken into account when crude antigens are prepared 
to be used for the serodiagnosis of Aspergillus fumigatus infections. The growth conditions 
for the fungus in mammalian tissue are likely to be restricting and so would likely favour 
the late type of antigen release. The protein Rpnr 3 which is a likely candidate for an 
Aspergillus fumigatus "specific" antigen is one of these late proteins, being released in 10 
day old cultures.
In "3.1.1. Validation of sample treatment", p. 161 it was found that differences occurred in 
the antigenic composition of culture filtrates concentrated by the Macrosep® and tangential 
flow systems. The lack of detection of some minor antigens below Rpnr 14 in antigens 
concentrated by Macrosep ® units could therefore be due to processing as well as by 
changes in the metabolic activities of the fungi.
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Variations in the amounts and type of antigens produced in batches of Aspergillus 
fumigatus cultures grown under identical conditions, have been reported by many workers. 
Kauffman and de Vries 1980 for example examined 3 batches of culture filtrate antigens 
from Aspergillus fumigatus and found strong variations in their composition by 
immunoelectrophoresis. Kurup and Fink 1978 and Longbottom and Austwick 1986a found 
that the variations in somatic and metabolic antigens were quantitative, rather than 
qualitative. Mechanical disruption was not found to be responsible for the variations 
observed in somatic antigens by Odds and Ryan et al 1983.
In the present work, only metabolic antigens were studied, which were obtained from a 
strain of Aspergillus fumigatus grown several times under identical conditions. The 
conditions that were regulated were size of the inoculum, medium composition, 
temperature, agitation of the cultures and their exposure to light. The influence of 
preparative treatments on the protein composition of the culture filtrates was also checked 
and found to be negligible.
When antigens from different batches of culture were compared by lEF blotting with rabbit 
anti-Aspergillus fumigatus antibodies, the band patterns obtained could be classified into 
the two previously defined groups, designated as type A and type B. The differences in 
blotting were qualitative as most antigens that were visible in the type B pattern were not 
visible in the type A and vice versa. On the other hand the differences in the silver stained 
gels were mainly quantitative. The different sensitivities of silver stain and blotting 
techniques could be the reason for these observations but other reasons such as an altered 
or hidden epitope structure could not be excluded. Using antibodies as probes a positive 
result implies that the antibody has bound to its epitope. If the band is present in a silver 
stained gel that does not react with antibody in immunoblotting it could be due to a lack of
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transfer, an altered epitope, the reactive epitopes on the antigen are hidden or due to the 
lack of detecting antibodies in a polyclonal antiserum. This could be the case when an 
antigen is not immunogenic or not immunogenic in the concentration found in the 
immunising antigen mixture.
The protein patterns from different strains of Aspergillus fumigatus showed typical 
differences which could be related to the individual strain. In all cases these variations were 
minor and within the type B pattern. However quantitative variations were found with three 
antigens Rpnr 3, 8 and 9 which were released by all the strains tested by immunoblotting. 
All the strains that were investigated belonged to type B pattern however in some cases 
different batches of the same strain showed two very different band patterns which were 
dependent on the course of growth.
The findings could be explained as follows:
After inoculation the fungus was growing in a medium that contained a high level of a 
single carbohydrate energy source (2% glucose) and releasing a spectrum of proteins which 
are classified as the type A pattern. As growth proceeds and the available energy source is 
consumed this results in a reduction and eventually a cessation of growth. As a result there 
is a switch in metabolism by the fimgus and the synthesis and release of exoenzymes in an 
attempt to utilise any additional energy sources present in the growth medium. When this 
fails autolysis occurs. Lysis in the culture could be detected after about 2 weeks of 
incubation at 37°C when the mycelia structures started to breakdown and large amount of 
debris was visible in the culture fluid. In most cases these changes resulted in the release of 
the type B group of proteins but with 3 of 5 batches of FHT 82 this did not occur. In silver 
stained lEF preparations the differences between type A and type B band patterns were 
rather quantitative than qualitative.
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Brunie and Coke et al 1992 have shown that the variations in antigen release by different 
strains of Aspergillus fumigatus can be related to some extent to the genotype of the 
fungus. The differences in protein release between strains of Aspergillus fumigatus are 
therefore likely to be due to the genetic response to changes in the medium during growth. 
In culture of Aspergillus fumigatus derived from a single spore the resulting conidiospores 
will not be genetically identical due to mutations occurring during mitosis as the spores are 
formed. If the conidiospores are then used to inoculate fresh growth medium it will exert a 
selective pressure on a fungal culture derived from the mixed conidiospores selecting the 
genetic variant that can best survive. This variant may be different for each culture even if 
the cultures are derived from a single multispore producing culture.
Washburn et al 1990 have noted that serial subculture also exerts a selective pressure in 
Aspergillus fumigatus resulting in a change in exoprotein release.
It is unknown how this selection pressures will alter the release of antigens by Aspergillus 
fumigatus when it grows in-vivo. The next stage of this project will investigate the 
specificity of antibodies produced in response to natural infections of the fungus which will 
give some indication, if the epitopes contained in culture filtrate antigens are produced in 
vivo and stimulate an immune response in rabbits or cows.
The sections "3.2.1. Growth of Aspergillus fumigatus strain FHT 82", p.213, "3.2.2. 
Growth of Aspergillus fumigatus strain FHT 82 in a peptone containing medium", p.231, 
and "3.2.4. Strain to strain variation of culture filtrate proteins from Aspergillus fumigatus 
strains", p.241 indicate the problems that are associated with obtaining a representative 
culture filtrate antigen pattern for Aspergillus fumigatus using high resolution methods. 
The problem of varying protein and antigen composition caused by so far unknown 
influences is also complicated by the problem of obtaining an accurate estimation of the
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protein contents of the samples. It is essential that comparable amounts of crude antigens 
are applied to a high resolution electrophoretic separation system for isoelectric focusing in 
thin layer polyacrylamid gels (lEF) and immunoblotting so that quantitative comparisons 
of the protein and antigen contents of culture filtrates can be obtained. As shown in ,,3.1.5. 
Suitability of different protein determinations", p. 169, it was possible to find a method for 
the analysis of protein concentration that gave a representative protein concentration for the 
various culture filtrates of Aspergillus fumigatus from different batches and strains. The 
BCA method was selected as a standard method as it can be used in microtiter plates to 
analyse several samples parallel and it was more sensitive than Bradford method.
The examination of culture filtrate proteins released by non-Aspergillus fumigatus fungi 
associated with mycotic abortion has multiplied these problems as neither the changes in 
protein composition nor the antigenic spectra caused by the culture conditions and the 
precise reactivities of the exoproteins in protein determinations are known. The absence of 
an band in immunoblotting using an antiserum containing antibodies to this protein could 
be due either to its non production by the test organism or that the protein in the band has 
been applied at a subdetection level due to an overestimation of the protein concentration 
of the sample. In some cases (e.g. Absidia corinttera, FHT 40) the appearance of very weak 
patterns in silver stain strengthen this suspicion that an overestimation of the protein 
content in the sample could be responsible for a non reactive lane in blotting in some cases. 
A 10 fold higher concentration (50pg/lane) of protein applied to the gel resulted in useful 
protein patterns.
When high resolution methods are used to analyse Aspergillus fumigatus antigens the term 
‘crossreactivity’ can be defined the level of a single protein or at least of a single protein 
band. In ‘crude’ tests such as ELISA however crossreactivity relates to the unknown
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mixture of antigens that bind to the ELISA well based on their affinities for polystyrene 
and their relative concentration. Because of the limited sensitivity of immunodiffuson and 
the lack of a separation step this method was excluded from the investigation of 
crossreactivities.
Low "crossreactivities" in ELISA were found between hyperimmune polyclonal rabbit a- 
Aspergillus fumigatus antiserum and culture filtrate antigens of Absidia species FHT 40 
(16.3%), 41(16.0%), 42(1.6%), Rhizopus species FHT 44 (20.5%) and Mucor (15.8%) in 
relation to a standard homologous antigen from Aspergillus fumigatus culture filtrate 
antigens of batch Z15, strain FHT 85. When the antigens firom Absidia species were 
analysed by lEF / Immunoblotting it could be seen that several antigens were released that 
were also found in the culture filtrates firom Aspergillus fumigatus (Figure 74, p.307). The 
blotting patterns for the Absidia antigens were similar to those of the early antigen lEF 
pattern (Type A) from Aspergillus fumigatus. The proposed "specific" antigen for 
Aspergillus fumigatus Rpnr 3 was not detected in the culture filtrate antigens from Absidia 
but Rpnr 4 was found in low concentrations. Rhizopus microporus FHT 44 showed the 
highest crossreactivity of the non-Aspergillus fumigatus species tested by ELISA (20.5%) 
together with a complex late phase (type B like) immunoblotting pattern. Mucor V70/173 
showed a similar reactivity in ELISA of 15.8% but only a weak antigen band was detected 
at pH 4.0 which was the region where RpnrO and Rpnrl were found . These results suggest 
that the antigens detected in ELISA were not identical to those detected in immunoblotting. 
The possible reasons for this are discussed in the comparison between Aspergillus niger 
and Aspergillus fumigatus.
References on the literature concerning the crossreactivites of the antigens firom Absidia, 
Rhizopus and Aspergillus fumigatus are rare. Jensen 1993 found no crossreactivity in
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crossed immune electrophoresis but it appears that he had selected sera showing no 
crossreactivity.
Some of the culture filtrate antigen preparations tested in this project showed a high 
reactivity in ELISA against hyperimmune polyclonal rabbit a-Aspergillus fumigatus 
antiserum but showed no reactive bands in blotting. The antigens of Aspergillus niger, 
FHT 50 showed 62.9 %, Aspergillus terreus, FHT 52 35.5% dinA Aspergillus flavus 59.7% 
crossreactivity in relation to Aspergillus fumigatus antigens (batch Z15, FHT 85). These 
levels of crossreactivity were higher than those found for all of the non Aspergillus culture 
filtrate antigens tested however no reactive bands were detected in the Aspergillus niger 
and Aspergillus terreus antigens on immunoblotting and only Aspergillus flavus showed a 
very weak a single antigen band. In silverstaining of lEF pH 4-6.5 separated proteins of 
Aspergillus niger no bands were detected and the same result was obtained with a 
silverstained separation at lEF pH 3-9. Further more antibodies, raised against Aspergillus 
niger antigens were nonreactive against the homologous antigen in immunoblotting and 
only low reactivity (<10%) was shown against Aspergillus fumigatus by ELISA. The 
reasons for this results could be due to
- a low reactive component of Aspergillus niger culture filtrate antigens which bound very 
strongly to the plastic surface of the ELISA
- a component with a molecular weight of > 10 kD in the culture filtrate of Aspergillus 
niger which is either not focusing or is not being detected by staining techniques.
- The blotting procedure has changed the reactive epitope so that they are not be detected 
by the antibody.
- binding to polystyrene exposes the epitopes
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An influence of overestimation of protein content was tested by the application of 5 pg and 
50 pg protein per lane in blotting but no additional reactive bands were found in any 
species.
In the literature which was summarised in "1.5.5. Crossreactivities of crude Aspergillus 
fumigatus antigens with antigens from other fungi", p.82 and "1.6.5. Crossreactivities of 
purified Aspergillus fumigatus antigens with antigens from other fungi", p. 110 
crossreactive Aspergillus niger antigen preparations and purified antigen were reported. 
The degree of crossreactivity is variable between 7% (Longbottom and Pepys 1964) and 
54% (Chaparas and Kim 1988) in the number of Aspergillus fumigatus positive sera that 
also detected Aspergillus niger antigens. A comparison to the results obtained in this study 
is not meaningful as different techniques (Immunodiffusion) and other metabolic 
preparations were used. Two isolated Aspergillus fumigatus antigens (Arruda and Platts- 
Mills et al 1990, 18 kD metabolic ; Kumar and Kurup et al 1993, 22 kD metabolic) were 
tested for crossreactivity against Aspergillus niger and no crossreactivity was found. On 
the other hand Kumar and Kurup 1993 identified 2 monoclonal antibodies developed 
against a 29 kD component oi Aspergillus fumigatus Asp D1 and Asp C9 both crossreacted 
with Aspergillus niger. Four other monoclonal antibodies developed against the same 
antigen were not crossreactive. The IgM monoclonal antibody detecting exopolysaccaride 
o f Aspergillus fumigatus developed by Debeaupuis and Sarafati et al 1990 was also found 
to be crossreactive. The crossreactive component of Aspergillus niger was not yet 
identified.
A similar set of findings to those for Aspergillus niger were found with Aspergillus terreus. 
The ELISA results showed a crossreactivity of 35 % in comparison to a homologous 100%
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standard. No crossreactivity was found between the 18 kD metabolic antigen from Arruda 
and Platts-Mills et al 1990 and antigens o i Aspergillus terreus.
A different situation was found with antigens of Aspergillus fischeri which is a Aspergillus 
fumigatus related species. In ELISA a crossreactivity of 38% was found and crossreactive 
bands were detected in immunoblotting. It was the only non-Aspergillus fumigatus species 
in which the protein Rpnr3 was seen. All the bands detected in the immunoblotting of 
Aspergillus fischeri had weak or very weak intensities which does not correspond to the 
relative high ELISA level (third highest level after Aspergillus niger).
From these observations it is clear that the signal obtained by ELISA is not comparative to 
the reactivity seen in lEF / blotting.
The antigen Rpnr 3 (lEP pH 4.34) was specific for Aspergillus fumigatus in comparison to 
the other culture filtrate antigens from the species investigated in this study. It was present 
in most batches and strains and was found in culture filtrates older than 10 days with a 
medium pH > 6.8...7.2. Because the identification of this antigen in blotting of culture 
filtrates from non- Aspergillus fumigatus species was very important, the appearance was 
confirmed by the isoelectric focusing of mixtures of Rpnr 3 containing antigens with 
antigens from non- Aspergillus fumigatus species. When different ratios of both antigens 
were used, a definite identification was achieved. Rpnr3 was than isolated and 
characterised.
A broad range of methods have been used to separate Aspergillus fumigatus derived 
protein components as summarised in "1.6. Isolated and characterised antigens and 
proteins", p.93. Simple methods such as fractionation by ammonium sulphate or ethanol 
precipitation in combination with different chromatographic methods such as ion 
exchange, gel filtration or affinity chromatography have had to be used due to the
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complexity of both the somatic and metabolic protein mixtures that are produced by the 
organism. Only high resolution methods have been successful for the isolation of single 
protein components so that determinations of the occurrence of individual proteins and 
their degree of crossreactivity with proteins/antigens from other species are reliable on 
single protein level. In section "1.6. Isolated and characterised antigens and proteins", p.93 
the results of experiments using purified single protein components were summarised. A 
major problem is that high resolution methods frequently use denaturing conditions such as 
organic solvents (C4-HPLC), high salt concentrations (ion exchange chromatography) or 
detergents (preparative SDS-PAGE).
To study the reactivity of an isolated protein component to antibodies in diagnosis or for 
screening monoclonal antibodies the protein component must have the correct tertiary 
structure which may be altered by the harsh treatments used in preparations.
At present isoelectric focusing is the only method of choice for the non-denaturing 
separation of proteins. Preparative isoelectric focusing in polyacrylamide gels is available 
for the large scale preparation of proteins, but it is difficult to use and is not suitable for the 
separation of high concentrations of protein as only limited amounts can be applied to the 
systems that are used at present.
At the moment two methods are available for preparative isoelectric focusing in free 
solution the ROTOPHOR® system (Bio-Rad) and chromatofocusing (Pharmacia) which 
were used in this project. It was not possible to achieve the ideal aim of separating single 
components from the culture filtrates but the resolving power of both the methods was 
impressive. In some cases proteins with differences in isoelectric point as little as 0.04 pH 
units could be separated (Figure 87, p.335, lane 4 and lane 5). As mentioned in chapter 
"3.5.3. Summary of separation experiments", p.339 chromatofocusing was found to be a
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better system for the separation of Rpnr 3 than the ROTOPHOR® as a lower amount of 
impurities was found in Rpnr3 containing fractions of chromatofocussing.
When fractions obtained from the chromatofocusing were analysed by highly sensitive lEF 
silverstaining minor components were found to be present in addition to Rpnr3. To further 
purify these fractions a poly exchanger HPLC system with fine particles is required which 
was not available.
To characterise the purified antigen the fractions were analysed by two dimensional 
electrophoresis. Rpnr3 is a protein component with an lEP of pH 4.34 and a molecular 
weight of 39 kD. In literature several proteins with similar molecular weights were 
reported (Table 10, p.99) but most similarities were found with a protein of Reichard and 
Eiffert et al 1994. They found a protein with a molecular weight of 38 kD and a lEP of pH 
4.2. Proteins identified from other authors showed similar molecular weights but different 
isoelectric points (Kurup and John et al 1986, 40 kD, IEP=6.5; Monod and Paris et al 1993, 
40 kD, IEP=5.5). Some components were found in the same range but isoelectric points 
were unknown (Harvey and Longbottom 1986a, Ag07, 36 kD; Lopez-Medran and Ovejero 
et al 1995, 37 and 40 kD). Ag07 was found to be useful in ABPA diagnosis as 97% of test 
ABPA positive sera contained elevated IgGl/IgG4 levels (Longbottom 1987a) and 40 kD 
antigen of Monod and Paris et al 1993 also showed elevated antibody titres. To get a better 
identification of Rpnr3 a pooled fraction was further purified in HPLC and sequenced. No 
similarities were found between the N-terminal sequence of Rpnr3 and those known from 
the literature and databases (Table 41, p.347 and Table 9, p.98). The N-terminal amino acid 
sequence of the protein reported from Reichard and Eiffert et al 1994 has not been reported 
so far.
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The methods presently used for diagnosis of Aspergillus infection and mycotic abortion 
lack resolution and standardisation (Immunodiffusion or ELISA using crude antigen 
preparations) or are not suitable to screen large numbers of individuals (histochemistry). 
The available data of the occurrence of bovine mycotic abortion varies between 1% 
(Sheridan and White et al 1985) and 20% (Hugh-Jones and Austwick 1967). It is not clear 
if these differences were due to a difference in abortion rates in different countries or if 
they are related to variabilities in the diagnostic systems used. In this study the IgG 
response of cattle to defined antigens was tested with lEF/blotting and ELISA. As 
abortions occur in the late phase of pregnancy IgG is the most likely Ig class of 
immunoglobulin to be produced as infection with Aspergillus fumigatus is likely to be a 
long-term disease causing an IgG response rather than IgM.
The best discrimination of known positive from normal sera was obtained in an indirect 
ELISA using purified Rpnr 3 or the culture filtrate taken from strain FHT 48 batch Z I1 at 
the appearance of Rpnr 4/5. Both Rpnr 3 and Rpnr 4/5 appear very close together in the 
reference pattern (lEP Rpnr 3 pH = 4.34, lEP Rpnr 4/5 pH = 4.48) so it may be possible 
that the observation of Rpnr 4/5 batch Zl 1 was Rpnr 3 rather than Rpnr 4/5. This would 
explain the correlation between the ELISA using purified protein Rpnr 3 as a coating 
antigen and the immunoblotting results. Minor changes in the protein the loss of an acidic 
or a basic amino acid could be responsible for the change in lEP. In overlay experiments 
Rpnr 3 and Rpnr 4/5 were fused together in two analyses using 5 pg of batch Zl 1 antigen 
as a Rpnr 4/5 containing sample. The band found in Z ll  was rather broad. When a lower 
amount of antigen of Z ll  was used (Ipg) in the overlay analysis two distinct bands were 
seen. Because of this the proteins were treated as two different components. The molecular 
weight of Rpnr 4 determined by two dimensional electrophoresis was found to be in a
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range between 83 and 114 kD (n= 5) and Rpnr 5 was detected in a range between 23.4 and 
24.3 kD (n=3). Rpnr 4/5 is continously seen when glucose is added while Rpnr 3 
disappeared. Rpnr 4/5 was frequently detected by antibodies from cattle with mycotic 
abortion whereas Rpnr 3 was rarely detected by these sera in immunoblotting. Rpnr 3 was 
found in a range between 38 and 41 kD (n=5) indicating a difference between Rpnr 4/5 and 
Rpnr 3. Nevertheless it is possible that both were closely related.
It is difficult to compare the results obtained in this study with those of other authors as 
different methods and materials were used. Corbel 1972 found precipitating anti- 
Aspergillus fumigatus antibodies in 64% of confirmed cases of mycotic abortion and in 
only 4% of normal cattle. On the other hand Wiseman and Dawson et al 1984 could not 
support these findings as they found that high anti-Aspergillus fumigatus antibody titres 
were not related to the occurrence of mycotic abortion. Both these studies were done using 
crude somatic or metabolic protein preparations of unknown composition. As shown in 
section "3.3.6. A summary of the immunological reactivities of Aspergillus fumigatus 
culture filtrate proteins from different batches and from different strains", p.290 it is 
impossible to get a common "standardised" antigen mixture using identical strains and 
procedures in antigen preparation. The results can only be compared when identical 
antigens are used, which has not been done in the published investigations. So far only a 
few investigations have been done to selectively detect defined antibodies or antigens in 
cattle with mycotic abortions. Jensen and Latgé 1995 found that two culture filtrate 
proteins 22 kD and 32 kD and three somatic proteins 19, 20 and 39 kD isolated from 
Aspergillus fumigatus were detected in cows with Aspergillus fumigatus infections but the 
use of these components for the diagnosis of mycotic abortion was not tested. In this 
project an extracellular protein with a similar molecular weight to the 22 kD component 
was identified as Rpnr 5 (24 kD). The 39 kD protein had a similar molecular weight to
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RpnrS, but RpnrS was of metabolic origin. The detection of Aspergillus galactomannan in 
urine has not been helpful in diagnosis (Jensen and Stynen et al 1993) and the evaluation of 
the 18 kD antigen Aspfl found to be specific for Aspergillus fumigatus in comparison to 
Aspergillus flavus, Aspergillus glaucus, Aspergillus nidulans, Aspergillus niger, 
Aspergillus syndowi and Aspergillus terreus (Arruda and Platts-Mills et al 1990 ) has not 
been done.
It is therefore surprising, that 75% of known positive sera could be identified by antibody 
titres against a defined antigen (Rpnr3). The relative high number of false positive results 
(9 of 77) maybe due to unrecognised Aspergillus fumigatus infections in that cattle. This 
could only be confirmed by a more detailed study of the history of the cattle that were 
investigated.
A cut off value which was defined as the mean extinction value for normal cow sera plus 
single standard deviation was found to be suitable to differentiate between sera from cattle 
that were diagnosed as positive or negative for mycotic abortion. Other authors have used 
the mean value plus three times the standard deviation for normal serum values (Jensen and 
Latgé 1995). These differences indicate that the differences in levels of Rpnr 3 specific 
antibodies found in this study between normal and positive sera were not great enough or 
that impurities of purified Rpnr 3 react with non Rpnr 3 specific antibodies in serum 
samples resulting in increased reactivities in ELISA (normal = 40.9% , positive = 81.8% of 
reference). An improved purity of Rpnr 3 should reduce this problem.
In the diagnosis of Aspergillus fumigatus related diseases in humans some data are 
available concerning the sensitivity of isolated antigens in the detection of elevated levels 
of their corresponding antibodies. Calvanico and Du Pont et al 1981 identified 75 % of 
known aspergilloma / ABPA cases (n = 32) using a 33 kD metabolic component in
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immunodiffusion. Harvey and Longbottom 1986a found 97 % of sera from ABPA patients 
(n = 30) positive in an indirect ELIS A using a 36 kD Ag 7 isolated from culture filtrate 
using the mean value plus two times the standard deviation of normal sera as a cut off. 
Antigen 7 showed some similarities to Rpnr 3, it was derived from the culture filtrates of 
long term cultures in synthetic media and the molecular weight was found in the same 
range as that of Rpnr 3 (39 kD). Latgé and Moutaouakil et al 1991 found that 79% of 
Aspergilloma sera were positive in indirect ELISA using an 18 kD antigen. In bovine 
aspergillosis only 48% of positive serum samples could be identified by this antigen using 
three times standard deviation cut off (Jensen and Latgé 1995).
This study has concentrated on the extracellular protein antigen from Aspergillus fumigatus 
Rpnr 3 (39 kD, lEP pH 4.3). As this protein was only detected'm Aspergillus fumigatus and 
the related non-pathogenic Aspergillus fischeri it was likely that it would be of value as an 
antigen for use in the serodiagnosis of Aspergillus fumigatus infections in cattle. It is 
highly propable that this antigen is the same as that identified by Reichard and Eiffert et al 
1994 (38 kD, lEP pH 4.2).
During this investigation other antigenic components were characterised from the culture 
filtrates from Aspergillus fumigatus which although these were not "specific" for 
Aspergillus fumigatus were "specific" for the genus Aspergillus and could therefore be of 
use in the diagnosis of infections by this genus. These antigens may also be of value in the 
construction of a broad based anti-Aspergillus vaccine. Examples of this type of antigen 
are Rpnr 4 (96 kD, lEP pH 4.40), Rpnr 5 (24 kD, lEP pH 4.42) and Rpnr 7 (36.5 kD, lEP 
pH 4.52). A full comparison of these antigens with those reported by other workers (Figure 
90, p. 342) has not been possible due to the lack of published data.
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It may be that the antigen reported by Longbottom 1986a as antigen 03 (18 kD, lEP pH 
4.5) is the same as Rpnr 5 identified in this study with a molecular weight of 24 kD and an 
lEP pH 4.42. Antigen 03 showed an identical molecular weight to Rpnr 5 when determined 
by gelfiltration and was identified as a major antigen in the human allergic 
bronchopulmonary aspergillosis (ABPA, Longbottom 1986a). The nature of Rpnr 5 was 
not clear in this study as it was found most frequently with Rpnr 4 (96 kD, lEF pH 4.40) 
and it could be possible that Rpnr 5 is a subunit of Rpnr 4 (4 x 24 kD) but this would have 
to be further investigated. Other proteins with similar molecular weights to Rpnr 5 have 
been reported. Kumar and Kurup et al 1993 reported a 22 kD component isolated from 
culture filtrates which was considered to be a useful antigen in the diagnosis of ABPA and 
aspergilloma.
A concanavalin A binding protein of molecular weight of 36.5 kD that was fi*equently 
isolated from Aspergillus fumigatus culture filtrates in this study was Rpnr 7. Five 
components have been reported within the molecular weight range of 35 - 38 kD in eluding 
the antigen 07 (36 kD) reported by Harvey and Longbottom et al 1986 which bound IgG 
and Con A. Rpnr 7 reacted with hyperimmune rabbit serum raised against Aspergillus 
fumigatus culture filtrate antigens but was found to be non-reactive against normal and 
infected cow sera. These differences in reactivity could either have been due to Rpnr 7 
being non-immunogenic in cattle or the protein was not produced in sufficient quantity 
during an infection to stimulate the immune system in the infected animal.
Two other proteins have been reported in this molecular weight range, the 37 kD p37 
somatic antigen of Lopez-Medran and Ovejero et al 1995 and the 35 kD protein of Kurup 
and Ramasamy et al 1988 which was isolated from both culture filtrate and somatic 
preparations. p37 was found to be reactive in 53% of 80 aspergilloma sera using western
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blotting. The 35 kD antigen was found together with a 65 kD antigen. Elevated IgG levels 
to this mixture were found in sera of patients with ABPA, cystic fibrosis with ABPA and 
aspergilloma.
A protein of a molecular weight of 96 kD that was identical to Rpnr 4 has been reported by 
Tomee and Kauffman et al 1994. 8 of 10 sera of patients with pulmonary aspergillosis 
showed binding of IgG antibodies to this antigen in western blotting.
It has been difficult to produce reliable comparisons between the proteins reported in the 
literature and those found in this study due to the lack of physical and chemical data in the 
published work. The establishment of a database of the physical and biochemical 
characteristics, antigenic properties and N-terminal amino acid sequences of fungal 
proteins would enable a more reliable comparison of proteins to be made.
It can be concluded from this study that the protein Rpnr 3 shows potential as an antigen 
for use in the diagnosis of bovine mycotic abortion by measuring an IgG response.
Further work
This investigation has shown that there is potential for a sero diagnostic system for 
Aspergillus fumigatus induced bovine mycotic abortion based on the detection of IgG class 
antibodies to culture filtrate glycoprotein antigens Rpnr 3 and Rpnr 4/5. In order to 
progress this work a number of results should be investigated which are as follows:
1. The number of cows investigated in this study was small and little could be found on the 
animals clinical history. In order to confirm the usefulness of the antigens identified in 
this project for diagnosis it is essential that more cattle sera is tested taken from animals 
whose age, clinical history number of pregnancies and husbandry details are known.
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This data can then be used for a much more detailed evaluation of the diagnostic system. 
If  the usefulness of the antigens is confirmed by this study then the other investigations 
(2.-5.) could be done.
2. To date only the IgG responses to Aspergillus fumigatus antigens has been studied in 
cattle. An investigation of the IgM responses should be done using ELISA and 
immunoblotting as much of the published work has used immunoprécipitation studies to 
evaluate antibody responses which may have detected this antibody class.
3. The glycoprotein antigens have proved difficult to purify from crude culture filtrates 
using high resolution separative techniques and an alternative approach would be to 
isolate the genes for these antigens and produce recombinant microorganisms for 
antigen production.
4. The amino acid sequence studies of the antigens should be continued and the data used 
to produce structural maps of the antigens. This will enable epitopic sites to be predicted 
which could be confirmed by the use of epitope mapping therefore monoclonal 
antibodies to the antigens should be produced.
5. Monoclonal antibodies that are "specific" for the useful antigens can be produced and 
these can be used to investigate the effectiveness of detecting antigenaemia as a means 
of diagnosis.
If the identified antigens were confirmed to be useful in diagnosis of Aspergillus fumigatus
related infections in cattle could also be tested in other species such as sheep, goat and
393
4. Discussion and conclusion
birds as well as in humans where Aspergillus fumigatus infections are still a serious 
problem.
394
5. References
5. REFERENCES
Arruda-LK; Mann-BJ; Chapman-MD 
1992
Selective expression of a major allergen and cytotoxin, Asp f  I, in Aspergillus fumigatus. 
Implications for the immunopathogenesis of Aspergillus-related diseases.
J-Immunol. 1992; 149001: 3354-9
Arruda-LK; Platts-Mills-TA; Fox-JW; Chapman-MD 
1990
Aspergillus fumigatus allergen I, a major IgE-binding protein, is a member of the 
mitogillin family of cytotoxins.
J-Exp-Med. 1990; 17215): 1529-32
Arruda-LK; Platts-Mills-TA; Longbottom-JL; el-Dahr-JM; Chapman-MD 
1992
Aspergillus fumigatus: identification of 16, 18, and 45 kd antigens recognized by human 
IgG and IgE antibodies and murine monoclonal antibodies.
J-Allergy-Clin-Immunol. 1992: 89f6): 1166-76
Austwick-PKC
1968
Diagnosis of bovine mycotic abortion.
Vet-Rec. 1968; 236
Avrameas-S; Guilbert-B 
1971
Dosage enzymoimmunologique de protéines àl'aide d'immunoadsorbants se d'antigènes 
marqués aux enzymes 
C-R-Acad-Sci. 1971 ; 273: 2705-7
Baur-X; Dewair-M 
1985
[Immunodiagnosis of Aspergillus-induced bronchopulmonary diseasesJTG: 
Immundiagnostik aspergillus-bedingter bronchopulmonaler Erkrankungen. 
Schweiz-Med-Wochenschr. 1985; 115122): 757-63
Baur-X; Weiss-W; Jarosch-B; Menz-G; Schoch-C; Schmitz-Schumann-M; Virchow-C 
1989
Immunoprint patterns in patients with allergie bronchopulmonary aspergillosis in different 
stages.
J-Allergy-Clin-Immunol. 1989; 8314): 839-44
395
5. References
Becker-WM 
1989
Reactivities of immunoglobulin E and immunoglobulin G subclasses identified by 
isoelectric focusing-immunoprint in allergic patients.
Electrophoresis. 1989: 10(8-9): 633-9
Bennett-JE 
1987
Rapid diagnosis of candidiasis and aspergillosis.
Rev-Infect-Dis. 1987; 9(2): 398-402
Bennett-JE; Bhattacharjee-AK; Glaudemans-CP 
1985
Galactofuranosyl groups are immunodominant in Aspergillus fumigatus galactomannan. 
Mol-Immunol. 1985; 22(3): 251-4
Bennett-JE; Friedman-MM; Dupont-B 
1987
Receptor-mediated clearance of Aspergillus galactomannan.
J-Infect-Dis. 1987; 155(5): 1005-10
Bio-Rad Laboratories 
1979
Bio-Rad protein assay instruction manual 
Bio-Rad Laboratories, California, 1979
Bjellqvist-B; Ek-K; Righetti-PG; Gianazza-E; Gorg-A; Postel -W; Westermeier-R 
1982
Isoelectric focussing in immobilized pH gradients: Principle, methodology and some 
applications
J-Biochem-Biophys-Methods 1982; 6: 317-339
Bradford-MM
1976
A rapid and sensitive method for the quantitation of microgram quantities of protein 
utilizing the principle of protein-dye binding 
Anal-Biochem. 1976; 72: 248-54
Bumie-JP
1991
Antigen detection in invasive aspergillosis.
J-Immunol-Methods. 1991: 143(2): 187-95
Bumie-JP; Coke-A; Matthews-RC
1992
Restriction endonuclease analysis of Aspergillus fumigatus DNA.
J-Clin-Pathol. 1992; 45(4): 324-7
396
5. References
Bumie-JP; Matthews-RC
1991
Heat shock protein 88 and Aspergillus infection.
J-Clin-Microbiol. 1991; 29(10): 2099-106
Bumie-JP; Matthews-RC; Clark-I; Milne-LJ 
1989
Immunoblot fingerprinting Aspergillus fumigatus.
J-Immunol-Methods. 1989; 118(2): 179-86
Calvanico-NJ; Du Pont-BL; Huang-CJ; Patterson-R; Fink-JN; Kump-VP 
1981
Antigens of Aspergillus fumigatus. I Purification of a cytoplasmic antigen reactive with 
sera of patients with Aspergillus-related disease.
Clin-Exp-Immunol. 1981;_45: 662-71
Cantarero-LA; Butler-JE; Osbome-JW 
1980
The absorbtive characteristics of proteins for polystyrene and their significance in solid 
phase immunoassays 
Anal-Biochem. 1980; 105: 375
Chaparas-SD; Kaufman-L; Kim-SJ; McLaughlin-DW 
1980
Characterization of antigens from Aspergillus fumigatus: V. Reactivity in 
immunodiffusion tests with semm from patients with Aspergillosis caused by Aspergillus 
flavus, Aspergillus niger and Aspergillus fumigatus 
Am-Rev-Respir-Dis. 1980; 122: 647-50
Coleman-MR; Kaufinan-L 
1972
Use of immunodiffusion tests in the serodiagnosis of aspergillosis.
Appl-Microbiol. 1972; 23(9): 301-8
Corbel-MJ
1972
The serological response to Aspergillus fumigatus antigens in bovine mycotic abortion 
British Veterinary Joumal 1972; 128:lxxiii-lxxv
Cox-FEG; Liew-FY
1992
T-cell subsets and cytokines in parasitic infections 
Immunol-today 1992; 13 (11): 445-8
397
5. References
De-Repentigny-L; Boushira-M; Ste-Marie-L; Bosisio-G 
1987
Detection of galactomannan antigenemia by enzyme immunoassay in experimental 
invasive aspergillosis.
J-Clin-Microbiol. 1987; 25(5): 863-7
De-Repentigny-L; Kilanowski-E; Pedneault-L; Boushira-M 
1991
Immunoblot analyses of the serologic response to Aspergillus fumigatus antigens in 
experimental invasive aspergillosis.
J-Infect-Dis. 1991; 163(6): 1305-11
Denning-DW; Clemons-KV; Hanson-LH; Stevens-DA
1990
Restriction endonuclease analysis of total cellular DNA of Aspergillus fumigatus isolates 
of geographically and epidemiologically diverse origin.
J-lnfect-Dis. 1990; 162(5): 1151-8
Engvall-E; Perlmann-P 
1971
Enzyme-linked immunosorbent assay (ELISA). Quantitative assay for immunoglobulin G 
Int-J-lmmunochem. 1971; 8: 871-4
Fink-JN; Barboriak-SD; Kurup-VP; Scribner-GH 
1977
Variability of extracts used in immunoprecipitin testes.
J-Allergy-Clin-lmmunol. 1977: 60(4): 238-41
Fratamico-PM; Buckley-HR
1991
Identification and characterization of an immunodominant 58-kilodalton antigen of 
Aspergillus fumigatus recognized by sera of patients with invasive aspergillosis. 
Infect-lmmun. 1991: 59(1): 309-15
Fratamico-PM; Long-WK; Buckley-HR
1991
Production and characterization of monoclonal antibodies to a 58-kilodalton antigen of 
Aspergillus fumigatus.
Infect-lmmun. 1991: 59(1): 316-22
Frosco-M; Chase-T Jr; Macmillan-JD
1992
Purification and properties of the elastase from Aspergillus fumigatus.
Infect-lmmun. 1992: 60(3): 728-34
398
5. References
Frosco-M; Fahed-C; Chase-T Jr; Macmillan-JD 
1992
Inhibition of Aspergillus fumigatus elastase with monoclonal antibodies produced by using 
denatured elastase as an immunogen.
Infect-Immun. 1992; 60(3}: 735-41
Greenberger-PA
1994
Diagnosis and management of allergic bronchopulmonary aspergillosis.
Allergy-Proc. 1994; 1516): 335-9
Harvey-C; Longbottom-JL 
1987a
Characterization of a second major antigen Ag 13 (antigen C) of Aspergillus fumigatus and 
investigation of its immunological reactivity.
Clin-Exp-Immunol. 1987; 70(1}: 247-54
Harvey-C; Longbottom-JL 
1987b
Release of antigens and allergens during shake-culture of Aspergillus fumigatus.
Allergy. 1987; 42(5): 359-65
Harvey-C; Longbottom-JL 
1986
Characterization of a major antigenic component of Aspergillus fumigatus. 
Clin-Exp-Immunol. 1986; 65(1}: 206-14
Haynes-KA; Latge-JP; Rogers-TR 
1990
Detection of Aspergillus antigens associated with invasive infection.
J-Clin-Microbiol. 1990; 28(9}: 2040-4
Hearn-VM 
1984
Surface antigens of intact Aspergillus fumigatus mycelium: their localization using 
radiolabelled protein A as marker.
J-Gen-Microbiol. 1984; 130 I Pt 4): 907-17
Hearn-VM; Mackenzie-DWR 
1980
Mycelial antigens of two strains of Aspergillus fumigatus: An analysis by two-dimensional
Immunoelectrophoresis
Mycoses 1980; 23(10}: 549-62
399
5. References
Hearn-VM; Proctor-AG; Mackenzie-DWR 
1980
The preparation and partial characterization of antigenic fractions obtained from mycelial 
walls of several Aspergillus species.
J-Gen-Microbiol. 1980 ; 119: 41-9
Hearn-VM; Wilson-EV; Latge-JP; Mackenzie-DW 
1990
Immunochemical studies of Aspergillus fumigatus mycelial antigens by polyacrylamide 
gel electrophoresis and western blotting techniques.
J-Gen-Microbiol. 1990; 136 I Pt 8): 1525-35
Hearn-VM; Wilson-EV; Mackenzie-DW 
1992
Analysis of Aspergillus fumigatus catalases possessing antigenic activity. 
J-Med-Microbiol. 1992; 36(1): 61-7
Heukeshoven-J;Demick-R;
1985
Simplified method for silver staining of proteins in polyacrylamide gels and the 
mechanism of silver staining 
Electrophoresis 1985; 6: 103-112
Holmberg-K; Berdischewsky-M; Young-LS 
1980
Serologic immunodiagnosis of invasive aspergillosis.
J-Infect.Dis. 1980; 141(9): 656-64
Hubbert-WT; Booth-GD; Bolton-WD; Dunne-HW; McEntee-K; Smith-RE; Tourtellotte-
ME
1973
Bovine abortions in five northeastern states.
Com-Vet. 1973; 63: 291-316
Hugh-Jones-ME; Austwick-PKC 
1967
Epidemiological studies in bovine mycotic abortion.
Vet-Rec. 1967; 81: 273-6
Jaton-Ogay-K; Suter-M; Crameri-R; Falchetto-R; Fatih-A; Monod-M 
1992
Nucleotide sequence of a genomic and a cDNA clone encoding an extracellular alkaline 
protease of Aspergillus fumigatus.
FEMS-Microbiol-Lett. 1992; 71(2): 163-8
400
5. References
Jensen-HE
1993
Crossed immunoelectrophoresis of fungal antigens in tissues as a means of diagnosing 
systemic aspergillosis and zygomycosis in cattle.
Vet-Res-Commun. 1993: 17(4): 267-75
Jensen-HE; Aalbaek-B; Basse-A; Schonheyder-H
1992
The occurrence of fungi in bovine tissues in relation to portals of entry and environmental 
factors.
J-Comp-Pathol. 1992; 107(2): 127-40
Jensen-HE; Hau-J
1990
A murine model for the study of the impact of Aspergillus fumigatus inoculation on the 
foeto-placental unit.
Mycopathologia. 1990:112(1): 11-8
Jensen-HE; Krogh-HV; Schonheyder-H
1991
Bovine mycotic abortion—a comparative study of diagnostic methods.
Zentralbl-Veterinarmed-B. 1991: 38(1): 33-40
Jensen-HE; Latge-JP 
1995
An analysis of antibodies against Aspergillus fumigatus in bovine serum by 
immunoblotting and enzyme-linked immunosorbent assays.
APMIS. 1995; 103(2): 124-30
Jensen-HE; Olsen-SN; Aalbaek-B
1994
Gastrointestinal aspergillosis and zygomycosis of cattle.
Vet-Pathol. 1994; 31(1): 28-36
Jensen-HE; Stynen-D; Sarfati-J; Latge-JP
1993
Detection of galactomannan and the 18 kDa antigen from Aspergillus fumigatus in serum 
and urine from cattle with systemic aspergillosis.
Zentralbl-Veterinarmed-B. 1993: 40(6): 397-408
Kauffman-HF; de-Vries-K 
1980
Antibodies against Aspergillus fumigatus. I Standardization of antigenic composition.
Int-Arch-Allergy-Appl-Immunol. 1980; fô: 252-64
401
5. References
Kauffman-HF; van-der-Heide-S; de-Vries-K
1987
Botrytis cinerea: a study of the immunological properties during growth. Incidence of 
antibodies against B. cinerea in a group of patients with aspergillosis. 
Int-Arch-Allergy-Appl-Immunol. 1987; 83(4): 359-65
Kaufftnan-HF; van-der-Heyden-PJ; van-der-Laan-S; van-der-Heide-S; Beaumont-F; de-
Vries-K
1985
Antibody determination against Aspergillus fumigatus by means of the enzyme-linked 
immunosorbent assay. II. Physico- and immunochemical properties of the polystyrene- 
binding components.
Int-Arch-Allergy-Appl-Immunol. 1985; 78(2): 174-81
Kendrick-JW 
1975
Mycotic abortion
Proceedings of the American Association of Veterinary Laboratory Diagnosticians October 
1974: 331
Kim-SJ; Chaparas-SD 
1978
Characterization of antigens from Aspergillus luumigatus: I. Preparation of antigens from 
organisms grown in completely synthetic medium 
Am-Rev-Respir-Dis. 1978; 118: 547-51
Kobayashi-H; Debeaupuis-JP; Bouchara-JP; Latge-JP 
1993
An 88-kilodalton antigen secreted by Aspergillus fumigatus.
Infect-Immun. 1993; 61(11): 4767-71
Kobayashi-K; Hayama-M; Hotchi-M
1988
The application of immunoperoxidase staining for the detection of causative fungi in tissue 
specimens of mycosis I.
Mycopathologia. 1988; 102(2}: 107-13
Kobayashi-M; Miyoshi-I 
1993
Immunoblot analysis of Aspergillus fumigatus antigen with human antibodies and lectin 
probes.
Intem-Med. 1993; 32(2): 98-105
Kolattukudy-PE; Lee-JD; Rogers-LM; Zimmerman-P; Ceselski-S; Fox-B; Stein-B;
Copelan-EA
1993
Evidence for possible involvement of an elastolytic serine protease in Aspergillosis. 
Infect-Immun. 1993; 61(6): 2357-68
402
5. References
Kothary-MH; Chase-T Jr; Macmillan-JD
1984
Correlation of elastase production by some strains of Aspergillus fumigatus with ability to 
cause pulmonary invasive aspergillosis in mice.
Infect-Immun. 1984; 43(1): 320-5
Krogh-HV
1985
Bovine mycotic abortion in Denmark.
Nord-Vet-Med. 1985; 37(1): 27-33
Kumar-A; Kurup-VP 
1993a
Murine monoclonal antibodies to glycoprotein antigens of Aspergillus fumigatus show 
cross-reactivity with other fungi.
Allergy-Proc. 1993; 14£3): 189-93
Kumar-A; Kurup-VP; Greenberger-PA; Fink-JN 
1993b
Production and characterization of a monoclonal antibody to a major concanavalin A— 
nonbinding antigen of Aspergillus fumigatus.
J-Lab-Clin-Med. 1993; 121(3): 431-6
Kumar-A; Reddy-LV; Sochanik-A; Kurup-VP 
1993
Isolation and characterization of a recombinant heat shock protein of Aspergillus 
fumigatus.
J-Allergy-Clin-Immunol. 1993: 91(5): 1024-30
Kurup-VP
1986
Enzyme-linked immunosorbent assay in the detection of specific antibodies against 
Aspergillus in patient sera.
Zentralbl-Bakteriol-Mikrobiol-Hyg-A. 1986; 261(4): 509-16
Kurup-VP; Elms-N; Fink-JN 
1991
Characterization of a monoclonal antibody against concanavalin A binding antigen of 
Aspergillus fumigatus.
Hybridoma. 1991; 10(3): 387-93
Kurup-VP; Fink-JN 
1978
Evaluations of methods to detect antibodies against Aspergillus fumigatus 
Am-J-Clin-Pathol. 1978; 69: 414-7
403
5. References
Kurup-VP; Greenberger-PA; Fink-JN 
1989
Antibody response to low-molecular-weight antigens of Aspergillus fumigatus in allergic 
bronchopulmonary aspergillosis.
J-Clin-Microbiol. 1989; 27(6): 1312-6
Kurup-VP; John-KV; Resnick-A; Fink-JN 
1986
A partially purified glycoprotein antigen from Aspergillus fumigatus.
Int-Arch-Allergy-Appl-Immunol. 1986; 79(3): 263-9
Kurup-VP; Ramasamy-M; Greenberger-PA; Fink-JN 
1988
Isolation and characterization of a relevant Aspergillus fumigatus antigen with IgG- and 
IgE-binding activity.
Int-Arch-Allergy-Appl-Immunol. 1988; 86(2): 176-82
Kurup-VP; Ting-EY; Fink-JN
1983
Immunochemical characterization of Aspergillus fumigatus antigens.
Infect-Immun. 1983: 41(2): 698-701
Kyhse-Andersen-J
1984
Electroblotting of multiple gels: a simple apparatus without buffer tank for rapid transfer of 
proteins from polyacrylamide to nitrocellulose 
J-Biochem-Biophys-Methods 1984; 10: 203-209
Larcher-G; Bouchara-JP; Annaix-V; Symoens-F; Chabasse-D; Tronchin-G 
1992
Purification and characterization of a fibrinogenolytic serine proteinase from Aspergillus 
fumigatus culture filtrate.
FEBS-Lett. 1992; 308(1): 65-9
Lew-AM
1984
The effect of epitope density and antibody-affinity on the ELISA as analysed by 
monoclonal antibodies 
J-Immunol-Methods. 1984; 72(1): 171-176
Latge-JP; Kobayashi-H; Debeaupuis-JP; Diaquin-M; Sarfati-J; Wieruszeski-JM; Parra-E;
Bouchara-JP; Foumet-B
1994
Chemical and immunological characterization of the extracellular galactomannan of 
Aspergillus fumigatus.
Infect-Immun. 1994; 62(12): 5424-33
404
5. References
Latge-JP; Moutaouakil-M; Debeaupuis-JP; Bouchara-JP; Haynes-K; Prevost-MC 
1991
The 18-kilodalton antigen secreted by Aspergillus fumigatus.
Infect-Immun. 1991; 59(8): 2586-94
Longbottom-JL
1986
Antigens and allergens of Aspergillus fumigatus. II. Their further identification and partial 
characterization of a major allergen (Ag 3).
J-Allergy-Clin-Immunol. 1986: 78(1 Pt 1): 18-24
Longbottom-JL
1983a
Antigens/allergens of Aspergillus fumigatus. Identification of antigenic components 
reacting with both IgG and IgE antibodies of patients with allergic bronchopulmonary 
aspergillosis.
Clin-Exp-Immunol. 1983: 53(2): 354-62
Longbottom-JL
1983b
Allergic bronchopulmonary aspergillosis: Reactivity of IgE and IgG antibodies with 
antigenic components of Aspergillus fumigatus (IgE/IgG antigen complexes) 
J-Allergy-Clin-Immunol. 1983;_72: 668-75
Longbottom-JL; Austwick-PK 
1986a
Antigens and allergens of Aspergillus fumigatus. I. Characterization by quantitative 
immunoelectrophoretic techniques.
J-Allergy-Clin-Immunol. 1986; 78(1 Pt 1): 9-17
Longbottom-JL; Harvey-C; Taylor-ML; Austwick-PK; Fitzharris-P; Walker-CA 
1989
Characterization of immunologically important antigens and allergens of Aspergillus 
fumigatus.
Int-Arch-Allergy-Appl-Immunol. 1989: 88(1-2): 185-6
Longbottom-JL; Pepys-J 
1964
Pulmonary aspergillosis: Diagnostic and immunological significance of antigens and C- 
substance in Aspergillus fumigatus 
J-Path-Bact. 1964; #  141-51
Lopez-Medrano-RL; Ovejero-MC; Calera-JA; Puente-P; Leal-F 
1995
Aspergillus fumigatus antigens 
Microbiology. 1995; 141: 2699-704
405
5. References
Lortholary-0; Meyohas-MC; Dupont-B; Cadranel-J; Salmon-Ceron-D; Peyramond-D;
Simonin-D
1993
Invasive aspergillosis in patients with acquired immunodeficiency syndrome: report of 33 
cases. French Cooperative Study Group on Aspergillosis in AIDS.
Am-J-Med. 1993: 95(2): 177-87
Loudon-KW; Bumie-JP; Coke-AP; Matthews-RC
1993
Application of polymerase chain reaction to fingerprinting Aspergillus fumigatus by 
random amplification of polymorphic DNA.
J-Clin-Microbiol. 1993; 31(5): 1117-21
Lowry-OH; Rosebrough-NJ; Farr-AL; Randall-RJ 
1951
Protein measurement with Folin-phenol reagent 
J-Biol-Chem. 1951 ; 193: 265
Makimura-K; Murayama-SY; Yamaguchi-H
1994
Specific detection of Aspergillus and Pénicillium species from respiratory specimens by 
polymerase chain reaction (PCR).
Jpn-J-Med-Sci-Biol. 1994; 47(3): 141-56
Mansfield-M; Stafford-M;
1992
Optimization strategies in Western blotting 
Millipore bioforum 1992; i :  5-6
Markaryan-A; Morozova-I; Yu-H; Kolattukudy-PE 
1994
Purification and characterization of an elastinolytic metalloprotease from Aspergillus 
fumigatus and immunoelectron microscopic evidence of secretion of this enzyme by the 
fungus invading the murine lung.
Infect-Immun. 1994; 62(6): 2149-57
Matthews-R; Bumie-JP; Fox-A; Tabaqchali-S 
1985
Immunoblot analysis of serological responses in invasive aspergillosis.
J-Clin-Pathol. 1985:38(11): 1300-3
McCausland-IP; Slee-KJ; Hirst-FS 
1987
Mycotic abortion in cattle [published erratum appears in Aust Vet J 1987 Jun;64(6):129] 
Aust-Vet-J. 1987; 64(5): 129-32
406
5. References
Mishra-SK; Staib-F; Rajendran-C; Folkens-U 
1982
Sérodiagnostic value of culture filtrate antigens from aspergilli with septate phialides. 
Sabouraudia. 1982; 20(1): 63-74
Monod-M; Paris-S; Sanglard-D; Jaton-Ogay-K; Bille-J; Latge-JP
1993
Isolation and characterization of a secreted metalloprotease of Aspergillus fumigatus. 
Infect-Immun. 1993; 61(10): 4099-104
Monod-M; Togni-G; Rahalison-L; Frenk-E
1991
Isolation and characterisation of an extracellular alkaline protease of Aspergillus 
fumigatus.
J-Med-Microbiol. 1991; 35(1): 23-8
Moser-M; Crameri-R; Menz-G; Schneider-T; Dudler-T; Virchow-C; Gmachl-M; Blaser-K; 
Suter-M
1992
Cloning and expression of recombinant Aspergillus fumigatus allergen I/a (rAsp f  I/a) with 
IgE binding and type I skin test activity.
J-Immunol. 1992; 149(2): 454-60
Moser-M; Menz-G; Blaser-K; Crameri-R
1994
Recombinant expression and antigenic properties of a 32-kilodalton extracellular alkaline 
protease, representing a possible virulence factor from Aspergillus fumigatus. 
Infect-Immun. 1994; 62(3): 936-42
Mosmann-TR; Coffmann-RL 
1989
Heterogeneity of cytokine secretion patterens and functions of Helper T-cells 
Adv-Immunol. 1989; 46: 111-147
Mosmann-TR; Sad-S 
1996
The expanding universe of T-cell subsets: Thl, Th2 and more 
Immunol-today 1996: 17 (3): 138-46
Moutaouakil-M; Monod-M; Prevost-MC; Bouchara-JP; Paris-S; Latge-JP
1993
Identification of the 3 3-kDa alkaline protease of Aspergillus fumigatus in vitro and in vivo. 
J-Med-Microbiol. 1993: 39(5): 393-9
Mroueh-S; Spock-A
1994
Allergic bronchopulmonary aspergillosis in patients with cystic fibrosis.
Chest. 1994; 105(1): 32-6
407
5. References
Murali-PS; Kurup-VP; Greenberger-PA; Fink-JN 
1992
Concanavalin A-nonbinding Aspergillus fumigatus antigen: a major immunogen in allergic 
bronchopulmonary aspergillosis.
J-Lab-Clin-Med. 1992; 119(4): 377-84
Odds-FC; Ryan-MD; Sneath-PH 
1983
Standardization of antigens from Aspergillus fumigatus.
J-Biol-Stand. 1983: 11(3): 157-62
Ouchterlony-0
1953
Antigen-antibody reactions in gels. IV Types of reactions in coordinated systems of 
diffusion.
Acta-Pathol-Microbiol-Scand. 1953; 231
Pal-M
1988
Aspergillus niger associated with mycotic abortion in a buffalo (Bubalus bubalis).
Mycoses 1988: 31(1): 17-9
Parry-JB; Stewart-JC; Heptinstall-J 
1983
Purification of the major endoglucanase from Aspergillus fumigatus Fresenius.
Biochem-J. 1983; 213(2): 437-44
Patterson-R; Greenberger-PA; Halwig-JM; Liotta-JL; Roberts-M
1986
Allergic bronchopulmonary aspergillosis. Natural history and classification of early disease 
by serologic and roentgenographic studies.
Arch-Intem-Med. 1986: 146(5): 916-8
Pepin-GA
1983
Bovine mycotic abortion 
Veterinary annual 1983; 23: 79-90
Phillips-P; Radigan-G 
1990
Comparison of humoral immune responses to six aspergillus antigen preparations 
Serodiagnosis and Immunotherapy in Infectious Diseases. 1990; 4: 277-84
Phillips-P; Weiner-MH
1987
Invasive aspergillosis diagnosed by immunohistochemistry with monoclonal and 
polyclonal reagents.
Hum-Pathol. 1987; 18(10): 1015-24
408
5. References
Piechura-JE; Huang-CJ; Cohen-SH; Kidd-JM; Kurup-VP; Calvanico-NJ 
1983
Antigens of Aspergillus fumigatus. II. Electrophoretic and clinical studies. 
Immunology. 1983; 49(4): 657-65
Piechura-JE; Kurup-VP; Fink-JN; Calvanico-NJ 
1985
Antigens of Aspergillus fumigatus. III. Comparative immunochemical analyses of 
clinically relevant aspergilli and related fungal taxa.
Clin-Exp-Immunol. 1985; 59(3): 716-24
Piechura-JE; Riefel-RS; Daft-LJ 
1987
Biochemical and immunochemical analyses of detergent solubilized antigens from 
membrane vesicles of Aspergillus fumigatus.
Can-J-Microbiol. 1987; 33(11): 955-62
Piechura-JE; Riefel-RS; Daft-LJ 
1987
Electrophoretic and serological analyses of cytoplasmic antigens from Aspergillus 
fumigatus during growth of conidia to mature mycelia.
J-Med-Vet-Mycol. 1987; 25(4): 243-54
Puente-P; Ovejero-NF; Leal-F 
1991
Analysis of Aspergillus nidulans conidial antigens and their prevalence in other 
Aspergillus species.
Infect-Immun. 1991; 59(12): 4478-85
Reddy-LV; Kumar-A; Kurup-VP
1993
Specific amplification of Aspergillus fumigatus DNA by polymerase chain reaction. 
Mol-Cell-Probes. 1993; 7(2): 121-6
Reichard-U; Buttner-S; Eiffert-H; Staib-F; Ruchel-R 
1990
Purification and characterisation of an extracellular serine proteinase from Aspergillus 
fumigatus and its detection in tissue.
J-Med-Microbiol. 1990; 33(4): 243-51
Reichard-U; Eiffert-H; Ruchel-R
1994
Purification and characterization of an extracellular aspartic proteinase from Aspergillus 
fumigatus.
J-Med-Vet-Mycol. 1994; 32(6): 427-36
409
5. References
Romagnani-S
1994
"Human THl and TH2 subsets: ""Eppur si muove!"""
Eur-Cytokine-Netw. 1994; 5(1): 7-12
Sabetta-JR; Miniter-P; Andriole-VT 
1985
The diagnosis of invasive aspergillosis by an enzyme-linked immunosorbent assay for 
circulating antigen.
J-Infect-Dis. 1985: 152(5): 946-53
Saggers-B
1994
North East Surrey College of Technology, Epsom, Surrey, GB
Saugier-Veber-P; Devergie-A; Sulahian-A; Ribaud-P; Traore-F; Bourdeau-Esperou-H; 
Gluckman-E; Derouin-F
1993
Epidemiology and diagnosis of invasive pulmonary aspergillosis in bone marrow 
transplant patients: results of a 5 year retrospective study.
Bone-Marrow-Transplant. 1993: 12(2): 121-4
Sheridan-JJ; White-DS; McGarvie-QD 
1985
The occurrence of and organisms concerned with bovine mycotic abortion in some 
counties of Ireland.
Vet-Res-Commun. 1985; 9(3): 221-6
Sirakova-TD; Markaryan-A; Kolattukudy-PE
1994
Molecular cloning and sequencing of the cDNA and gene for a novel elastinolytic 
metalloproteinase from Aspergillus fumigatus and its expression in Escherichia coli. 
Infect-Immun. 1994; 62(10): 4208-18
Slavin-RG; Knutsen-AP 
1993
Purified Aspergillus proteins: going where no one has gone before [editorial] 
J-Lab-Clin-Med. 1993; 121(3): 380-1
Sluyterman-LAAE; Wijdenes-J;
1978
Chromatofocusing: Isoelectric focusing on ion-exchange colums. II. Experimental 
verification
J-Chromatogr. 1978; 150: 31-44
410
5. References
Smith-JM; Derks-AA
1984
Serological tests in the diagnosis of pulmonary aspergillosis.
Pathology. 1984; 16(2): 184-8
Smith-PK; Krohn-RI; Hermann-GT; Mallia-AK; Gartner-FH; Provenzano-AM; Fujimoto- 
EK; Goeke-NM; Olson-BJ; Klenk-DL
1985
Measurement of protein using bichinoninic acid 
Anal-Biochem. 1985; 150: 76-85
Spreadbury-C; Holden-D; Aufauvre-Brown-A; Bainbridge-B; Cohen-J 
1993
Detection of Aspergillus fumigatus by polymerase chain reaction.
J-Clin-Microbiol. 1993; 31(3): 615-21
Spreadbury-CL; Bainbridge-BW; Cohen-J 
1990
Restriction fragment length polymorphisms in isolates of Aspergillus fumigatus probed 
with part of the intergenic spacer region from the ribosomal RNA gene complex of 
Aspergillus nidulans.
J-Gen-Microbiol. 1990; 136(PtlO): 1991-4
Ste-Marie-L; Senechal-S; Boushira-M; Garzon-S; Strykowski-H; Pedneault-L; de-
Repentigny-L
1990
Production and characterization of monoclonal antibodies to cell wall antigens of 
Aspergillus fumigatus.
Infect-Immun. 1990; 58(7): 2105-14
Stuker-GF; Ehresperger-J; Pohlenz-J; Troll-C 
1979
Significance and diagnosisof fungal abortion in cattle.
Zentralbl-Veterinarmed-B 1979; 26: 184-94
Talbot-GH; Weiner-MH; Gerson-SL; Provencher-M; Hurwitz-S 
1987
Serodiagnosis of invasive aspergillosis in patients with hematologic malignancy: validation 
of the Aspergillus fumigatus antigen radioimmunoassay.
J-Infect-Dis. 1987; 155(1): 12-27
Tang-CM; Cohen-J; Holden-DW 
1992
An Aspergillus fumigatus alkaline protease mutant constructed by gene disruption is 
deficient in extracellular elastase activity.
Mol-Microbiol. 1992; 6(12): 1663-71
411
5. References
Tang-CM; Cohen-J; Krausz-T; Van-Noorden-S; Holden-DW 
1993
The alkaline protease of Aspergillus fumigatus is not a virulence determinant in two 
murine models of invasive pulmonary aspergillosis.
Infect-Immun. 1993: 61(5): 1650-6
Tang-CM; Holden-DW; Aufauvre-Brown-A; Cohen-J 
1993
The detection of Aspergillus spp. by the polymerase chain reaction and its evaluation in 
bronchoalveolar lavage fluid.
Am-Rev-Respir-Dis. 1993; 148(5): 1313-7
Taylor-ML; Longbottom-JL 
1988
Partial characterization of a rapidly released antigenic/allergenic component (Ag 5) of 
Aspergillus fumigatus.
J-Allergy-Clin-Immunol. 1988: 81(3): 548-57
Teshima-R; Ikebuchi-H; Sawada-J; Miyachi-S; Kitani-S; Iwama-M; Irie-M; Ichinoe-M; 
Terao-T
1993
Isolation and characterization of a major allergenic component (gp55) of Aspergillus 
fumigatus.
J-Allergy-Clin-Immunol. 1993; 92(5): 698-706
Thurston-JR; Richard-JL; McMillen-S 
1973
Cultural and serological comparison of ten strains of Aspergillus fumigatus fresenius 
Mycop. 1973; 51(4): 327-355
Tomee-JF; Kauffman-HF; Klimp-AH; de-Monchy-JG; Koeter-GH; Dubois-AE
1994
Immunologic significance of a collagen-derived culture filtrate containing proteolytic 
activity in Aspergillus-related diseases.
J-Allergy-Clin-Immunol. 1994; 93(4): 768-78
Tomee-JF; van-der-Werf-TS; Latge-JP; Koeter-GH; Dubois-AE; Kauffman-HF
1995
Serologic monitoring of disease and treatment in a patient with pulmonary aspergilloma. 
Am-J-Respir-Crit-Care-Med. 1995; 151(1): 199-204
Towbin, H.; Staehelin, T. and Gordon J. ;
1979
Electrophoretic transfer of proteins from polyacrylamide gels to nitrocellulose sheets: 
Procedure and some applications 
Proc-Natl-Acad-Sci. 1979; 76: 4350-4354
412
5. References
Trompelt-JS; Becker-WM; Schlaak-M
1989
[Aspergillus fumigatus: evaluations of the standardization of diagnostic extracts]TO: 
Aspergillus fumigatus: Ansatze zur Standardisierung von Extrakten fur die Diagnostik. 
Immun-Infekt. 1989; 17(2): 63-4
Trull-AK; Parker-J 
1985
Comparison of serial diagnostic tests in a patient with invasive aspergillosis.
J-Infect. 1985; 11(3): 225-30
Trull-AK; Parker-J; Warren-RE 
1985
IgG enzyme linked immunosorbent assay for diagnosis of invasive aspergillosis: 
retrospective study over 15 years of transplant recipients.
J-Clin-Pathol. 1985:38(9): 1045-51
Van Weemen-BK; Schuurs-AHWM 
1975
The influence of heterologous combinations of antiserum and enzyme-labeled estrogen on 
the chracteristics of estrogen-enzyme-immunoassay 
Int-J-Immunochem. 1975; 12: 667-670
Van-Cutsem-J; Meulemans-L; Van-Gerven-F; Stynen-D
1990
Detection of circulating galactomannan by Pastorex Aspergillus in experimental invasive 
aspergillosis.
Mycoses. 1990; 33(2): 61-9
Van-der-Heide-S; Kauffman-HF; de-Vries-K 
1985
Cultivation of fungi in synthetic and semi-synthetic liquid medium. II. Immunochemical 
properties of the antigenic and allergenic extracts.
Allergy. 1985; 40(8): 592-8
Vaughan-LM
1993
Allergic bronchopulmonary aspergillosis.
Clin-Pharm. 1993; 12(1): 24-33
Vesterberg-0; Svenson-H 
1966
Isoelectric fractionation analysis and characterisation of ampholytes in natural pH 
gradients: IV Further studies on resolving power in connection with separation of 
myoglobins.
Acta-Chem-Scand. 1966; 20: 820-34
413
5. References
Virchow-R
1856
Beitrâge zur Lehre von den beim Menschen vorkommenden pflanzlichen Parasiten 
Arch-Path-Anat. 1856; 9: 557
Wallenbeck-I; Aukrust-L; Einarsson-R 
1984
Antigenic variability of different strains of Aspergillus fumigatus.
Int-Arch-Allergy-Appl-Immunol. 1984: 73(2): 166-72
Washbum-RG; DeHart-DJ; Agwu-DE; Bryant-Varela-BJ; Julian-NC 
1990
Aspergillus fumigatus complement inhibitor: production, characterization, and purification 
by hydrophobic interaction and thin-layer chromatography.
Infect-Immun. 1990; 58(11): 3508-15
Weber-K; Osbom-M 
1969
The reliability of molecular weight determinations by dodecyl sulfate-polyacrylamide gel 
electrophoreses
J-Biol-Chem. 1969 ; 244: 4406-12
Weikl-A
1965
Mycotic abortion in cattle.
Vet-Med-Rev. 1965; 2: 71
Weiner-MH; Coats-Stephen-M 
1979
Immunodiagnosis of systemic aspergillosis. I Antigenemia detected by radioimmunoassay 
in experimental infection 
J-Lab-Clin-Med. 1979; 93(1): 111-9
Weiner-MH; Talbot-GH; Gerson-SL; Filice-G; Cassileth-PA 
1983
Antigen detection in the diagnosis of invasive aspergillosis. Utility in controlled, blinded 
trials.
Ann-Intem-Med. 1983; 99(6): 777-82
Williams-BM; Shreeve-CN; Hebert-CN; Swire-PW 
1977
Bovine mycotic abortion: some epidemiological aspects.
Vet-Rec. 1977; 100: 382-5
414
5. References
Wilson-EV; Hearn-VM
1983
Use of Aspergillus fumigatus mycelial antigens in enzyme-linked immunosorbent assay 
and counter-immunoelectrophoresis.
J-Med-Microbiol. 1983: 16(1): 97-105
Wilson-EV; Hearn-VM; Mackenzie-DW 
1987
Evaluation of a test to detect circulating Aspergillus fumigatus antigen in a survey of 
immunocompromised patients with proven or suspected invasive disease. 
J-Med-Vet-Mycol. 1987; 25(6): 365-75
Wiseman-A; Dawson-CO; Selman-IE
1984
The prevalence of serum precipitating antibody to Aspergillus fumigatus in adult cattle in 
Britain.
J-Comp-Pathol. 1984: 94(4): 535-42
Yu-B; Niki-Y; Armstrong-D 
1990
Use of immunoblotting to detect Aspergillus fumigatus antigen in sera and urine of rats 
with experimental invasive aspergillosis.
J-Clin-Microbiol. 1990; 28(7): 1575-9
Yu-VL; Muder-RR; Poorsattar-A 
1986
Significance of isolation of Aspergillus from the respiratory tract in diagnosis of invasive 
pulmonary aspergillosis. Results from a three-year prospective study.
Am-J-Med. 1986; 81(2): 249-54
415
6. Bibliography
6. BIBLIOGRAPHY
Altmann-DG
1991
Practical statistics for medical research 
Chapman & Hall, London, l.st ed.
Beer-J
1974
Infektionskrankheiten der Haustiere. Teil III 
Jena, VEB Gustav Fischer, 1974, 619-621
Behm-E
1991
Immunodiffusion
In Friemel-H (ed); "Immunologische Arbeitsmethoden"; Jena, Gustav Fischer Verlag, 
1991,81-95
Burton-A; Fraser-G 
1977
Animal Microbiology.
Oxford, Blackwell Scientific Publications, 1977
Chaparas-SD; Kim-SJ 
1988
The immunologic significance of Aspergillus fumigatus fractions.
In Vanden Bosche-H; Machenzie-DWR; Cauenbergh-G (ed); "Aspergillus and 
Aspergillosis"; New York, Plenum Press, 1988, 75-78
Cooper-TG
1981
Biochemische Arbeitsmethoden
Berlin, New York, Walter de Gruyter, 1981, l.st ed, 374
De Coster-A; Dierchx-P; Grivefhée-A 
1988
Aspergilloma
In Vanden Bosche-H; Machenzie-DWR; Cauenbergh-G (ed); "Aspergillus and 
Aspergillosis"; New York, Plenum Press, 1988, 107-113"
Debeaupuis-JP; Sarfati-J; Goris-A; Stynen-D; Diaquin-M; Latge-JP 
1990
Exocellular polysaccharides from Aspergillus fumigatus and related taxas 
In Samson-RA; Pitt-JL (ed); "Modem concepts in Pénicillium and Aspergillus 
classification"; New York, Plenum Press, 1990, 209-23"
416
6. Bibliography
Fraser-MC; Bergeron-JA; Mays-A; Aiello-SE;
1991
The Merck Veterinary Mannual
Merck & Co., Inc, Rahway, N.J., USA, 1991, 7th edition
Hames-BD; Rickwood-D
1987
Gel electrophoresis of proteins 
Oxford, IRE Press, 1987, 7.th reprint, 6
Hay-RJ
1988
Pulmonary Aspergillosis
In Vanden Bosche-H; Machenzie-DWR; Cauenbergh-G (ed); "Aspergillus and 
Aspergillosis"; New York, Plenum Press, 1988, 97-105"
Hearn-VM 
1988
Serodiagnosis of Aspergillosis
In Vanden Bosche-H; Machenzie-DWR; Cauenbergh-G (ed); "Aspergillus and 
Aspergillosis"; New York, Plenum Press, 1988,43-71"
Hearn-VM; Moutaouakil-M; Latge-JP
1990
Analysis of components of Aspergillus and Neosartorya mycelial preparations by gel 
electrophoresis and western blotting procedures
In Samson-RA; Pitt-JI (ed); " Modem concepts in Pénicillium and Aspergillus 
classification"; New York, Plenum Press, 1990, 235-47"
Janeway-CA; Travers-P 
1995
Immunologie
Spektmm Akademischer Verlag; 1 .ed.
Klein-J
1991
Immunologie
Weinheim, VCH V erlagsgesellschafi, 1991
Latge-JP; Debeaupuis-JP; Mountaouakil-M; Diaquin-M; Sarfati-J; Prevost-MC; 
Wiemszeski-JM; Leroy-Y; Foumet-B;
1991
Galactomannan and the circulating antigens of Aspergillus fumigatus
In Latge-JP; Boucias-D (ed); "Fungal cell wall and immune response"; Berlin, Heidelberg,
1991, 143-55
417
6. Bibliography
Longbottom-JL; Austwick-PK;
1986b
Fungal antigens
In Weir-M; Herzenberg-LA; Blackwell-C; Herzenberg-LA; "Handbook of experimental 
immunology"; Oxford; Blackwell Scientific Publications, 1986, 5.th ed., 7.1-7.11
Maehly-AC
1955
Methods in Enzymology, vol. II
In Colowick-SP and Kaplan-NO (ed); "Methods in Enzymology, vol. 11"; New York, 
Academic Press, 1955, 807"
Miiller-E; Loeffler-W 
1992
Mykologie.
Stuttgart, Thieme Verlag, 1992, 5.th ed.
Prostmann-T; Prostmann-B 
1991
Enzymimmunoassay
In Friemel-H (ed); "Immunologische Arbeitsmethoden"; Jena, Gustav Fischer Verlag, 
1991, 144
Rauen-HM
1964
Biochemisches Taschenbuch 
Berlin, Springer Verlag, 1964, 2 nd. ed.
Righetti-PG
1983
Laboratory techniques in biochemistry and molecular biology. Isoelectric focusing: theory,
methodology and applications
Amsterdam, Elsevier biomedical press, 1983,
Raper-KB; Fennell-DI
1965
The Genus Aspergillus.
Baltimore, The Williams&Wilkinns Company, 1965
Reib-J
1986
Schimmelpilze.
Berlin, Heidelberg, New York, Tokyo, Springer-Verlag
Roitt-IM; Brostoff-J; Male-DK 
1991
Kurzes Lehrbuch der Immunologie
Georg Thieme Verlag Stuttgart, New York 1991, 2.nd ed., p.56
418
6. Bibliography
Rothe-R
1980
Electrophoresis of enzymes, laboratory methods. Springer Lab Manual 
Springer Verlag, Berlin, Heidelberg, 1980
Stevens-WJ 
1988
Allergic Aspergillosis
In Vanden Bosche-H; Machenzie-DWR; Cauenbergh-G (ed); "Aspergillus and 
Aspergillosis"; New York, Plenum Press, 1988, 87-95"
Strasburger-E
1983
Lehrbuch der Botanik.
Stuttgart, Gustav Fischer Verlag, 1983, 32. Auflage, 665 f.
Tijssen-P
1988
Practice and theory of enzyme immunoassay 
Amsterdam, Elsevier 1988
419
7. Appendix
7. APPENDIX
7.1. Media
Table 50 : Czapek-Dox (CD) medium
Component Concentration (g/1)
KCl 0.5
FeS04 0.01
K2SO4 0.35
Ca-Glycerol-phosphate 0.5
MgS04* 7H2O 0.5
NaNOg 2.0
Glucose 20.0
No pH adjustment was needed, because a pH around 5.3 was obtained after autoclaving. 
Table 51 : Sabouraud (SAB) media
Component Concentration (g/1)
Peptone from casein 5
Peptone from meat 5
Glucose 40
Agar-Agar 15
pH 5.6
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Table 52 : Meat peptone (MP) media
Component Concentration (g/1)
Meat extract 3.0
Meat peptone 5.0
Agar-Agar 15.0
pH 7.0
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Table 53 : Peptone containing media
The content of ion, pH and protein was calculated according to those found in cow serum 
(Rauen 1964).
Component Concentration g/1
Fe CI3 0.0032
ZnClz 0.0068
CUSO4 0.0025
Na2HP04 0 . 1 1 2
Na2S04 0.040
NaHCOg 1 . 6 8
KCl 0.33
CaCl2x 2 H20 0.38
MgCl2 X  6  H2O 0.24
NaCl 5.55
Glucose X  H2O 0.5
Protein (meat peptone <10 kD) 7.0
pH = 7.42
The medium was sterilised by filtration using a 0.2 pm filter unit. After filtration a pH shift 
was found (pH 9.1). After preincubation over night insoluble salts were seen.
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7.2. Solutions and materials
If not otherwise indicated solutions were made up with deionised water of best available 
quality.
7.2.1. Bradford method
Solution 1
Coomassie brilliant blue G-250 100 mg
dissolved in 50 ml 96% ethanol 
Solution 2
H3PO4 85% (v/v)
Protein reagent
50 ml solution 1 and 100 ml solution 2 were mixed and diluted to 1 1 
Standard
1 mg/ml bovine serum albumin, fraction V, (BSA), dissolved in 0.15 M NaCl solution.
7.2.2. Bichinoninic acid method
Solution A
4,4'-Dicarboxy-2,2'-Biquinoline (Bichinoninic acid, BCA) 1 g
Na2C0 g 2 g
Sodium potassium tartrate 0.24 g
NaOH 0.4 g
NaHCOg 0.95 g
in 100 ml water, adjusted to pH 11.2 (3 M NaOH)
Solution B
CUSO4 * 5 H2O 4 g
in 100 ml water 
Working reagent 
49 ml A and 1 ml B
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Phosphate- buffered saline (PBS)
Na2HP04 23.1 g
NaCl
in 11 water, adjusted to pH 1.2 (H3PO4 or NaOH)
&0 g
Standard:
1 mg/ml bovine serum albumin, fraction V, (BSA), dissolved in PBS
7.2.3. Ouchterlony
Barbital buffer
5,5 - diethyl-barbituric acid 3.0 g/1
5,5 - diethyl-sodium barbiturate 15.5 g/1
NaNg 1.0 g/1
Ca-lactate lO gA
adjusted to pH 8.6 (3 M NaOH)
Aearose NA (Pharmacia)
in barbital buffer 1% (w/v)
Saline
NaCl 0.9 % (w/v)
NaCl solution. O.IM 5.8 g/1 M
Stain solution
Coomassie blue R 0.02 % (w/v)
Methanol 30.0 % (v/v)
Acetic acid 10.0 % (v/v)
CU2SO4 0.1 % (w/v)
Destain solution
Methanol 30.0 % (v/v)
Acetic acid 10.0 % (v/v)
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7.2.4. ELISA
BBS buffer. 100 mM
Boric acid, 0.1 M 6.18 g/1
Borax, 0.05 M 9.54 g/1
NaCl 4.38 g/1
adjusted to pH 8.5 (3 M HCl)
BBS-Tween 20
Tween 20 0.05% (w/v)
dissolved in BBS 
PBS buffer. 10 mM
NazHPO^ 1.42 g/1
NaCl 9 g/1
PBS-Tween 20
Tween 20 0.05% (w/v)
dissolved in PBS
PBS-FCS
foetal calf sera (PCS) 10 % (v/v)
dissolved in PBS
PBS-gelatin
gelatin (Stoess, Germany, 211 bloom) 0.5 % (w/v)
dissolved in PBS
PBS-OVA
ovalbumin (Sigma, A-5503, min 98%) 0.2% (w/v)
dissolved in PBS 
Citric acid buffer
Citric acid, 0.05 M 10.5 g/1
adjusted to pH 4.0 (3 M NaOH)
Blotto-BBS
Dried milk (defatted) 5% (w/v)
in BBS
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Substrate
2,2 '-azino-bis(3-ethylbenzthiazoline-6-sulfonic acid)(ABTS) 0.3 g/1
H2O2 0.1 % (v/v)
in citric acid buffer, shortly before use 
OVA-BBS
Ovalbumin (OVA) 0.2 % (w/v)
in BBS, for dilution of conjugate 
Secondarv antibodies
• goat anti-rabbit IgG (whole molecule) peroxidase conjugate (IgG fraction o f 
antiserum). Sigma A-8275
• rabbit anti-bovine IgG (whole molecule) peroxidase conjugate (affinity isolated 
antibody). Sigma A-5295
Stop solution
NaF 0.3% (w/v)
inH20
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7.2.5. Silver stain
20% TCA
Trichloroacetic acid (TCA)
50% EtOH. 10% HAc 
Ethanol (96%)
Acetic acid (99%)
10% EtOH. 5% HAc 
Ethanol (96%)
Acetic acid (99%)
8.3% GDA 
Glutaraldehyde (50%)
0.5% AgNO.
AgNOg
Developer
Na2C0g
Formaldehyde (36.5%)
5 % HAc 
Acetic acid
Preservative solution for SDS-PAGE
Acetic acid
Glycerol
20 % (w/v)
50 % (v/v) 
10 % (v/v)
10 % (v/v)
5 % (v/v)
8.3 % (v/v)
0.5 % (w/v)
2.5 % (w/v) 
0.04 % (v/v)
5 % (v/v)
10 % (v/v)
5 % (v/v)
7.2.6. Two-dimensional electrophoresis using PhastSystem
TRIS-HCL buffer
Tris(hydroxymethyl)aminomethane (TRIS) HCl, 0.01 M 
EDTA, O.OOIM
in 200 ml H2O, adjusted to pH 8.0 (NaOH)
0.314 g 
0.058 g
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SD S-buffer
Sodium dodecylsulphate (SDS) 2.5 g
in 100 ml TRIS-HCL buffer 
Buffer I
Dithiothreitol (DTT) 0.05 g
in 10 ml SDS-buffer, fast before use 
Buffer II
lodoactamide, 0.26 M 0.46 g
Bromophenol blue (0.1% stock solution in H2O) 1 ml
in 9 ml SDS-buffer, freshly prepared
7.2.7. Blotting of lEF  gels
Anode solution 1
Tris(hydroxymethyl)aminomethane (Tris), 0.3 M 36.3 g/1
pH not adjusted (about 10.4)
Anode solution 2
Tris(hydroxymethyl)aminomethane (Tris), 0.1 M 12.1 g/1
pH not adjusted (about 10.2)
Cathode solution
Arginine, 0.1 M 17.4 g/1
Sodium dodecyl sulphate 0.1 %
adjusted to pH 10.5 (3 M NaOH)
PBS buffer
NaCl 8 g/1
KCl 0.2 g/1
Na2HP04 1.15 g/1
KH2PO4 0.2 g/1
adjusted to pH 7.2 (H3PO4/ NaOH)
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Blotto/PBS 
Dried milk, defatted 
dissolved in PBS 
Tris/HCl
Tris(hydroxymethyl)aminomethane (Tris) HCl, 0.1 M 
in 1 1H2O, adjusted to pH 7.6 (HCl)
Substrate solution
5 % (w/v)
15.8 g
25 mg
1.5 ml
30 pi
Diaminobenzidine x 4 HCl 
dissolved in 30 ml Tris/HCl 
NiSOzt solution (1%) 
adjusted to 50 ml 
H 202(35% )  
fast before use 
Secondarv antibodies
• goat anti-rabbit IgG (whole molecule) peroxidase conjugate (IgG fraction o f 
antiserum). Sigma A-8275
• rabbit anti-bovine IgG (whole molecule) peroxidase conjugate (affinity isolated 
antibody). Sigma A-5295
Nitrocellulose membrane, 0.2pm 
Immobilone--P membrane. 0.45 pm
Sartorius
Millipore
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7.2.8. Protein detection on blotting membrane
PBS buffer pH 7.2
NaCl 8 g/1
KCl 0.2 g/1
Na2HP04 1.15 g/1
KH2PO4 0.2 g/1
adjusted to pH 7.2 (H3PO4/ NaOH)
PBS-Tween 20 buffer
Tween 20 0.3 g
in 100 ml PBS buffer pH 7.2
PROTOGOLD solution
BioCell, Cardiff, England
Silver Enhancer Kit
SE-100, Sigma, Deishofen, Germany
Thiosulphate solution
NazSzOg * 5H2O 2.5 g
in 100 ml H2O
7.2.9. Detection of acid pbospbatase activity detection on blot
Citric acid buffer. 0.05 mol/L pH 4.5
Na3CgH50/2H20 14.7 g
in 100 ml H2O, adjusted to pH 4.5 (NaOH)
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Fast Garnet GBC solution
Fast Garnet GBC solution 10 mg
in 10 ml Citric acid buffer, 0.05 mol/1, pH 4.5 
g-Naphthvlnhosnhate solution
Disodium a-Naphthylphosphate 40 mg
in 4 ml Citric acid buffer, 0.05 mol/1, pH 4.5
7.2.10. Detection of Concanavalin A binding components on blotting membranes
PBS buffer
NaCl 8 g/1
KCl 0.2 g/1
Na2HP04  1.15 g/1
KH2PO4 0.2 g/1
adjusted to pH 7.2 (H3PO4/ NaOH)
1 % BSA-PBS
Bovine serum albumin (BSA) 0.2 g
dissolved in 20 ml PBS buffer
Lectin-buffer
Na2P04 * 2H2O 1.56 g
NaCl 9.0 g
CaCl2 * 2 H2O 0.015 g
MnCl2 * 4 H2O 0.024 g
in 11H2O, adjusted to pH 6.8 
Avidin-buffer
Na2P04 * 2H2O 1.56 g
NaCl 9.0 g
in 11H2O, adjusted to pH 7.4
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Tris/HCl
Tris(hydroxymethyl)aminomethane (Tris) HCl, 0.1 M 15.8 g
in 11 adjusted to pH 7.6 (HCl)
Substrate solution
Diaminobenzidine x 4 HCl 25 mg
dissolved in 30 ml Tris/HCl
N1S04  solution (1%) 1.5 ml
adjusted to 50 ml
H2O2 (35%) 30 pi
fast before use
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7.2.11. Blotting of SDS-PAGE gel
Anode solution 1
Tris(hydroxymethyl)aminomethane (Tris) 0.3 M 36.3 g/1
Methanol 20% (v/v)
pH not adjusted 
Anode solution 2
Tris(hydroxymethyl)aminomethane (Tris) 0.025 M 3.03 g/1
Methanol 20% (v/v)
pH not adjusted 
Cathode solution
6-aminohexanacid, 0.04 M 5.24 g/1
Methanol 20%
adjusted to pH 7.6 (HCl)
7.2.12. Chromatofocussing
Starting buffer
Piperazin, 0.025 M 0.43 g
dissolved in 200 ml H2O, adjusted to pH 5.5 (3 M HCl) 
degassed in vacuum
433
7. Appendix 
Elution buffer
Polybuffer 74 (Pharmacia, Freiburg, Germany), 1:10 20 g
sterile taken from bottle and diluted in 180 g H2O, adjusted to pH 4 (3 M HCl)then 
degassed by vacuum 
Storage solution
Ethanol 20 % (v/v)
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7.3. Procedures
7.3.1. Isoelectric focusing in the PhastSystem®
Step U/V* I /m A P/W 8 /°C I* t/V h
1 2000 V 2.0 mA 3.5 W 15 °C 75 Vh prefocusing
2 200 V 2.0 mA 3.5 W 15 °C 15 Vh sample
application
3 2000 V 5.0 mA 3.5 W 15°C 410 Vh focusing
*The values for U, I and W are upper limits.
7.3.2. SDS-PAGE in the PhastSystem®
Step UA^* I /m A P/W 8 /°C m / v h
1 250 V 10.0 mA 3.0 W 15°C 1 Vh
2 250 V 1.0 mA 3.0 V 15°C 1 Vh sample
application
3 250 V 10.0 mA 3.0 V 15°C 70 Vh** **or until 
dye has 
reached the 
anode
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7.3.3. Silver staining procedure in the PhastSystem®
Silver staining of both lEF and SDS gels was done according to a Pharmacia method 
derived from the method of Heukeshoven et al 1985. The method is described in 
«Development technique file No 210“ of the PhastSystem® .
Table 54 : Silver staining of lEF gels in PhastSystem
Step Solution Time / min Temperature
1 20% TCA 5 20°C
2 50%ETOH, 10%HAc 2 50°C
3 10%ETOH, 5%HAc 2 50°C
4 10%ETOH, 5%HAc 4 50°C
5 8.3% GDA 6 50°C
6 10%ETOH, 5%HAc 3 50°C
7 10%ETOH, 5%HAc 5 50°C
8 water 2 50°C
9 water 2 50°C
10 0.5% AgNOg 10 40°C
11 water 0.5 30°C
12 water 0.5 30°C
13 Developer 0.5 30°C
14 Developer 4 30°C
15 5% HAc 5 50°C
TCA = trichloroacetic acid
ETOH = ethanol
HAc = acetic acid
GDA = glutaraldehyde
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Table 55 : Silver staining of SDS-PAGE gels in PhastSystem
Step Solution Time / min Temperature
1 50%ETOH, 10%HAc 2 50°C
2 10%ETOH, 5%HAc 2 50°C
3 10%ETOH, 5%HAc 4 50°C
4 8.3% GDA 6 50°C
5 10%ETOH, 5%HAc 3 50°C
6 10%ETOH, 5%HAc 5 50°C
7 water 2 50°C
8 water 2 50°C
9 0.5% AgN03 10 40°C
10 water 0.5 30°C
11 water 0.5 30°C
12 Developer 0.5 30°C
13 Developer 4 30°C
14 5% HAc 5 50°C
15 Preservative 3 50°C
TCA = trichloroacetic acid
ETOH = ethanol
HAc = acetic acid
GDA = glutaraldehyde
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7.3.4. Coomassie staining in the PhastSystem©
Table 56 : Coomassie staining of lEF gels pH 4...6.5 in PhastSystem
Step Solution Time / min Temperature
1 20 % TCA 5 20°C
2 10%MEOH, 10%HAc 2 50°C
3 0.02% Coomassie 
Blue R in 
10%MEOH, 10%HAc
10 50°C
4 10%MEOH, 10%HAc 6 50°C
TCA
MEOH
HAc
trichloroacetic acid
ethanol
acetic acid
If not otherwise indicated solutions were made up with deionised water of best available 
quality.
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